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Makes Schematic 
Capture Click. 


OrCAD Capture” for Windows? is here. 


It’s the first design entry software that gives you the full The company that brought EDA to the desktop with 
advantage of the Windows interface. OrCAD SDT for DOS is pioneering the next generation. 

While other schematic products are simply ports from —_ Helping you work easier and faster than ever before. 
DOS — or come up short on features — OrCAD Capture Boosting your productivity by adding hundreds of new 
delivers on all counts. features. And giving them all to you for only $995. 

You can work in multiple windows at the same time. For more information about OrCAD Capture 
Edit parts on-line. Add unlimited user-defined properties | and a copy of our new catalog, write us on the 
to parts and nets. And output netlists in more than 30 Internet at info@orcad.com. Or call OrCAD 
formats, including EDIF, VHDL and Verilog. DIRECT at (800) 671-9505 or (503) 671-9500. 


OrCAD Capture is a trademark of OrCAD, Inc. Windows is a registered trademark of Microsoft Corporation. Q l (; A 
All other trademarks are marks of their respective owners. 
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the best power MOSFET 


The newest LITE FOOT™ products 
mount power by combining from Siliconix are the most power- 
efficient solutions for load switching, 


performance with a JEDEC- power switching, and dc-to-dc 


standard 8-pin TSSOP 
package. 





ad 
i 
| 
: 
1 
ee 


conversion in your 5-V or 3.3-V 
logic systems. They’re rated for use 


down to 2.5 V, and they 
provide on-resistance as 
low as 35mQ at 4.5V. 
What’s more, operating at a 
Vag of 2.5 V, LITE FOOT 
gives you the option of using 
new battery technologies 
like single-cell lithium ion. 


Now you can redefine the 
standards for smaller, 
lighter, and more competi- 
tive portable products. The 


S small footprint (19 sq. mm.) and low 
| gs height (1.1 mm) of LITE FOOT 





eaning. 


power MOSFETs make them the best 
devices available for high perform- 
ance, space-sensitive applications. 
And they’re available in p-channel 
and n-channel single, dual, and 
complementary configurations. 





So if you want to set new standards 
for performance and portability 
with your new designs, call your 
local TEMIC sales office. Or call 
1-800-554-5565, ext. 954, for the 


latest LITE FOOT data book. 


TEMIC 


Siliconix, A Member of TEMIC 


TEMIC is a company of AEG Daimler-Benz Industrie. 2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995. 
Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor. 

TEMIC European Sales: UNITED KINGDOM: 0344-485757. GERMANY: 0130 857 320. FRANCE: 1 30 60 70 00. 

ITALY: 02-332 121. SCANDINAVIA: 08-733 0090. ©1995 Siliconix/TEMIC. All rights reserved. 
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25 to 1025MHz (+7dBm output) From $ | k 


(5-49) 
It’s a fact! With Mini-Circuits new POS family of shielded, laser sealed 
voltage controlled oscillators, you pay less but get more... top notch Freq. Range Phase Noise Harmonics Power Price 
quality, superior performance and value pricing. Model (MHz) (dBc/Hz) (dBc) 12VDC (Qty.5-49) 
Features include wide-band models with near octave bandwidth and linear No. Min. | SSB@10kHzTyp. Typ. CurrentmA $ea. 
tuning. Low SSB phase noise characterized at 100Hz to 1MHz offsets. pogsq  _—_25-50 410 19 17 41.95 
Excellent harmonic suppression, typically more than 25dB. RF power po0s-75 ~=—37.5-75 -110 27 17 11.95 
output typically +7dBm, excellent for driving level 7 mixers. Miniature size,  POS-100 50-100 -107 -23 18 11.95 
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed POS-150 75-150 -103 -23 18 11.95 
for tough environments. Best of all, Mini-Circuits high performance, highly reliable | POS-200 100-200 -102 -24 18 11.95 
VCO’s can be yours at value prices starting at only $11.95 each PoOSs-300 150-280 -100 -30 18 13.95 
(qty.5-49). To order from stock, call Mini-Circuits today. POS-400 200-380 -98 -28 18 13.95 
Mini-Circuits...we’re redefining what VALUE is all about! POS-535 300-525 -93 -26 18 13.95 
POS-765 485-765 -85 -21 22 14.95 
DESIGNER’S KITS: POS-1025 685-1025 -84 -23 22 16.95 
Notes:TunIng voltage 1 to16V required to cover freq. range. 


K-POS1 $124.95 (contains lea. all models). Operating temperature range: - 55°C to +85°C. 
K-POS2 $79.95(contains 1¢ea. all models except POS-75,-150,-300). 


CC] Mini-Circuits’ 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM ¢ MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEED-S...Let Our Experience Work For You. F 195 RevA 
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Originally, DSP chips targeted niche applications, but today these AQ 
devices are common in high-volume applications such as modems, 

cellular telephones, digital audio, and image processing.—Markus 

Levy, Technical Editor, and James P Leonard, Senior Associate Editor 





DSP* 9 5 This year’s DSP* show, at the San Jose Convention Center, San Jose, 99 
: CA, May 16 to 18, expands to encompass all forms of signal pro- 
Product Preview cessing and associated EDA tools. The following sample of products 
gives you a glimpse of the tremendous variety of the DSP* exhibits. 
—Steven H Leibson, Editor in Chief 


Gain contro] [1 teasingly, ICs are replacing mechanical potentiometers for gain 1 1 3 
control, providing both flexibility and compactness. However, you 


SOoes silicon must choose carefully from among available architectures. Incom- 
patibilities, limitations, and unique architectures complicate the 
final choice.—Bill Schweber, Technical Editor 


Detailed model shows _ Design decisions are far more complex than simply weighing the 1 5 3 
unit price and NRE charge to determine whether to use FPGAs or 


, 

FPGAs’ true costs ASICs, An analysis of all the variables affecting IC development 
shows that FPGAs are extremely cost-effective at surprisingly high 
production volumes.—Joseph Liu, Xilinx Asia Pacific 


Simulation backplanes Like hardware-backplane standards PCI and SCSI, the standard calls 1 6 5 


in simulation backplanes allow you to connect multiple simulators 
allow concurrent use of for substantial gains in design productivity—Kevin Jorgensen and 


multiple Simulators eter Odryna, Precedence Inc 
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Imagine pulling inventory only as you need it, or manufacturing in smaller lot sizes. NOW STOP IMAGINING. 


Hamilton Hallmark's POURS ‘(Point oF USE REPLENISHMENT SYSTEM) 





does all this, plus helps you adjust to product changes on short notice, in real-time. HOW? 





800 605 3294 ext. H100 





HAMILTON HALLMARK 


An Avnet Company 








POURS is a trademark of Hamilton Hallmark. 
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ESTER Right to the top. 
HAMILTON HALLMARK 





plus the 
leaders in interconnect products, passives, switches, relays, fans, motors, 


PC platforms, mass storage devices, modems and printers. 


“But we want products fast, with lots of support,” you added. 
NeW y 00): 88 (Our value-added services are designed to 
shorten your time to market, maximize your 
manufacturing flexibility and lower your cost of | 
inventory acquisition and management. Services like 
same-day and just-in-time delivery. Kitting. Programming. ED 


Our Point Of Use Replenishment System. FAEs and Technical 


Support Centers. 


| SIMPLE. | Because no other distributor simplifies mat 


handling more so that you can focus on your core busine 
CALL US TODAY FOR A LINE CARD AND FOR T 
HAMILTON HALLMARK 

fepresentative who can introduce you to the leaders. 
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SIEMENS 


Look to Siemens for the future 
of DRAM Technology. 





Our new state-of-the-art 
8-inch wafer fab will set 
new standards in the 
high-volume production 
of future generations 

of DRAMs. 
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Siemens Is a leader in DRAM technolo- 
gy. And growing. As the only European- 
based supplier, Siemens is recognized 
the world over for its pioneering deve- 
lopments in the field. Our R&D invest- 
ment in process technologies for the 
2\st century gives you a competitive 
advantage, with 1 Mb, 4 Mb and 

16 Mb DRAMSs today, plus 64 Mb and 
256 Mb DRAMs in the near future. 


This innovation has made Siemens 
DRAMss the product a choice for leading 
computer, communicatt- 
ons, multimedia and virtual 
reality applications around 
the world. We back that 
innovation with world- 
class quality, reliability, 
flexibility and state-of-the- 
art production. At the 
same time our ground- 
breaking partnerships with 
leading manufacturers like 
IBM and Toshiba guaran- 
tee that you can continue to count on 
us for innovation in the future. 


To meet the needs of our customers In 
the 21st century, we're now in the 
process of building a world-class pro- 
duction plant which will lead the way 
in the production of 64 Mb and 

256 Mb DRAMS. This ensures that, as 
your needs grow, we will rise to the 
challenge. 


More information by fax 
49-911-3 00 12 38, quoting HL 9131 


Global PartnerChip 
for Systems on Silicon. 
Siemens 
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drive, they called Vitesse. Together, we developed a Fibre Channel chipset 
that delivers a breathtaking 1 Gbit/sec serial 


RE CHANNEL ' 
ata rate. And by going from parallel to serial, 
PARTNERIN \ Seagate now gets higher bandwidth, far greater 












é 1.0625 Gbits/sec 
Vitesse chipset enables 
full-speed Fibre Channel 
performance in Seagate's 
latest Barracuda drive. 
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Time to volume 


Recently, at De- 
sign SuperCon 
‘95, cO-spon- 
sored by Hew- 
lett-Packard and 
EDN, I attended 
a dinner held by 
HP. HP Chair- 
man, President, 
3 2 1 and CEO Lew 
Platt gave an interesting speech. His 
two major themes were reducing “time 
to insight” and reducing “time to vol- 
ume.” I wrote about the first concept in 
the last issue of EDN. In this issue, I 
address “time to 
volume.” 

At one time, the 
only high-volume 
electronic products 
were consumer pro- 
ducts, such as 
radios and TVs. 
That’s changed. Last year, PCs outsold 
color TVs in the United States. Com- 
puter and communications products 
have now entered the high-volume 
arena, as have a number of companies, 
including HP, that have little previous 
experience with high-volume produc- 
tion—possibly yours. 

In 1987, HP’s Vancouver Division 
built products at the rate of two to 3000 
per month. Now, the division is respon- 
sible for building the company’s 
DeskJet line of ink-jet printers. When it 
first started building these units, it pro- 
duced them at 20,000 per month, 
roughly a tenfold increase in produc- 
tion-unit volume over the 1987 rate. 
The division expects soon to reach 1 
million per month. 

The demands on product design 
change substantially at such high pro- 
duction volumes. The first demand is 
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To cut the rejection rate to 
the ideal of zero, product 
design must accommodate 


a wide range of component 
margins. 





an increased need for design margin. 
To cut the rejection rate to the ideal of 
zero, the product design must accom- 
modate a wide range of component 
margins. At extremely high manufac- 
turing volumes, you must achieve 
extremely low rejection and rework 
rates. Further, HP manufactures these 
printers at several sites worldwide. Per- 
haps your company is similarly arrayed 
around the world. Wide design margins 
help here, too. 

However, margins aren’t the only 
consideration for high-volume design. 
The pressures of high-volume manufac- 
turing have forced 
HP to curtail the 
practice of design- 
ing a product and 
tossing it over the 
wall to manufac- 
turing. The compa- 
ny now brings peo- 
ple from the lab, from manufacturing, 
from marketing, and from customer 
support together on the project team at 
the early, formative stages of a project. 
The different points of view contribute 
to better product design. Some HP divi- 
sions seat manufacturing engineers 
with design engineers to further collab- 
oration. 

Finally, HP finds that any means of 
improving communications among 
project-team members improves the 
product design, manufacturability, 
and, consequently, time to volume. 
Examples of communications technol- 
ogy involved include electronic mail 
and video conferencing. Now, with 
engineers on the same project scattered 
around the globe and in different com- 
panies, these electronic communica- 
tions are becoming even more impor- 
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OUR NEW 
PC ETHERNET 
CHIP PUMPS BITS 


SEMICONDUCTORS 





LIKE YOUR LIFE 
DEPENDED ON IT. 


When throughput is critical, hook up to our 

new 21040 PCI Ethernet controller chip and 
let the data flow. With our full 32-bit implementation, 
you'll get pure, unadulterated power. No 16-bit 
baggage. No bottlenecks. No compromises. And you'll 
get CPU utilization as low as 12%—low enough to 
support multiple Ethernet connections on a single 
NIC. This chip is fast. It’s efficient. It’s downright 
heroic. And it’s just the beginning of a steady stream of 
THROUGHPUT 
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PCI chips coming from Digital Semiconductor, the 
leader in PCI technology. Call us for more information. 


And hurry. The design you save may be your own. 


Call Digital Semiconductor Europe 
+44 (0)117 9239813 
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PCX104 bus 
ruggedizes PC104 


Diversified Technology’s PCX104, a 
ruggedized version of the IEEE-standard 
PC104 bus, addresses several PC104 short- 
comings, including cooling problems and 
long mean time to repair. The main causes 
of PC104’s drawbacks are its stacked-board 
architecture, its less-than-rugged connec- 
tors, and the physical problems of incorpo- 
rating disk drives and other peripherals into 
a PC104 system. 

Rather than using a stacked-board archi- 
tecture, the PCX104 modules plug into a 
passive backplane through 96-pin DIN con- 
nectors. The modules slide into a card cage 
and employ metal front panels with captive 
fastening hardware for mechanical securi- 
ty. The cage and metal front panels add 
mechanical integrity and provide a 





Diversified Technology's | S PCX104 ‘aodulles slide into a td cage pe employ 
metal front panels with captive fastening hardware for mechanical security. 


mechanical foundation for as many as three cooling fans. 

The PCX104 standard retains the PC104’s signal defi- 
nitions and conforms to the IEEE PC96 bus-pinout spec- 
ification. However, the PCX104 does not retain the 
PC104’s mechanical characteristics or conform to the 
PC96 physical or electrical characteristics. However, you 
can incorporate PC104 cards into a PCX104 system by 
plugging the PC104 card onto an adapter module that 


The company has developed a PCX104 backplane and 
card cage, a power-supply module, an i486DX/4-100 CPU 
module, an I/O module containing the standard PC I/O 
devices and ports, and the PC104 adapter module. A sys- 
tem comprising the card cage, power supply, backplane, 
CPU card, and I/O module costs $2695. 

—by Steven H Leibson 

Diversified Technology, Ridgeland, MS. (601) 856- 


plugs into the PCX104 backplane. 


4121. 
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16-bit device 
provides 80C51 
upgrade path 


Philips’ new XA-G3 micro- 
controller is the first to 
incorporate the 16-bit XA 
architecture. The architec- 
ture, which the company 
announced in September, 
provides an upgrade path 
for the 8-bit 80C51. The 
company sees the upgrade 
path as important because 
an increasing number of 
applications require 16-bit 
performance, although 
80CS51s continue to thrive. 
According to market- 
research company In-Stat, 
Scottsdale, AZ, the market 


for 8-bit wCs will grow 40% 


by 1998, with worldwide 


sales increasing from $5 bil- 
lion now to $8 billion in 
1998. Meanwhile, world- 
wide sales of 16-bit Cs will 
grow more than 60%—from 
$0.9 billion to almost $3 bil- 
lion in 1998. (Motorola 
recently shipped its 1 bil- 
lionth 68HCOS, and ven- 
dors have shipped more 
than 1.5 billion 80CS1- 
based Cs.) | 

The XA architecture sup- 
ports the 80C51’s memory 
map, registers, and instruc- 
tions. Although you must 
reassemble 80CS51 source 
code to run on the XA, 
translation is one-to-one 
and does not require multi- 


‘instruction constructs. 


The XA architecture fea- 
tures 16-bit registers, an 
(continued on pg 16) 
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internal data path, and a 
CPU. You can configure 
the external bus as 8 or 16 
bits, and you can use some 
of the upper address lines 
as I/O ports, depending on 
the amount of memory 
the application requires. 
The devices support multi- 
tasking via banked- 
switched registers, and 
you must write a supervi- 
sory program that deter- 
mines when and for how 
long each task runs. 

The architecture has up 
to 32 vectored interrupts 
and exception-handling 
circuitry for fault-tolerant 
systems. Software controls 
standby and power-down 
modes: Standby leaves 
most of the on-chip 





peripherals and external 
interrupts functioning; 
power-down shuts down 
everything, including the 
on-chip oscillator. 

The XA-G3 features 32 
kbytes of EPROM/ROM, 
three counter/timers, a 
watchdog timer, two 
UARTs, and a 12- to 20-bit 
address bus for up to 1 
Mbyte each of program 
and data. The static-core 
G3 operates from 2.7 to 
5V. It is available in 40-pin 
DIP and 44-pin PLCC/ 
TQFP packages and costs 
$7 (10,000). 

—by Markus Levy 
Philips Semiconduc- 
tors, Sunnyvale, CA. 
(800) 234-7381. 
Circle No. 436 


NASA seeks licensees for invention. The 
National Aeronautics and Space Administration 
(NASA) is seeking licensees to produce low-cost, 
high-performance components and systems based on 
an electronic measurement circuit delivering better 
accuracy than previous methods. The invention, the 
Anderson Current Loop, prevents errors caused by 


variations in the wires that connect sensors to data- 
collection equipment. Karl Anderson, a senior mea- 
surement systems engineer at NASA, developed the 
circuit. Contact the Office of Chief Counsel, NASA 
Dryden Flight Research Center, Box 273, Edwards, 


CA 93523-0273. 


NASA, Edwards, CA. (805) 258-3449. 


Circle No. 437 


DILBERT® by Scott Adams 


I'M PROUD TO ANNOUNCE 
THAT THE COMPANY HAS 
FOUND YET ANOTHER WAY 
TO DEHUNANIZE THE 
EMPLOYEES. 
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FROM NOW ON YOU WILL 
WEAR IDENTIFICATION 
BADGES AT WORK. THIS 
SYMBOLIZES THAT PEOPLE 
WHO LOOK LIKE YOU ARE 
OFTEN CRIMINALS. 
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PROGRAMMABLE REGULATORS 


ARE STABLE WITH ANY LOAD 





Linfinity’s new LX6431 family of progammable shunt 
regulators has unconditional dynamic stability for all 
practical values of capacitive output loading, according to 
the company. Thanks to this stability, designers can 
choose the value of output capacitor that yields the opti- 
mum transient response without fear of oscillation. 

In contrast with industry-standard 431 regulators, 
which have two internal poles that conspire with capaci- 
tive loading to produce instability, the LX6431 has only 
one internal pole. It also uses a pole-splitting technique 
to separate (in frequency) the internal pole from the 
external pole created by capacitive loading. 

The LX6431 devices also require much less input-ref- 
erence current (0.5 wA max) than other 431 regulators. 
You can thus use higher value divider resistors to program 
the output voltage. The lower input current also reduces 
the voltage error arising from current flow through the 
divider network. 

Using two external resistors, you program the output 
voltage to a value of 2.5 to 36V. The regulators spec a 100- 
mQ max output impedance at output currents ranging 
from 0.6 to 100 mA. The plastic-packaged LX6431 is avail- 
able in eight-pin SOICs and three-pin TO-92 and SOT-89. 
$0.53 to $1.25 (1000).—by Bill Travis 

Linfinity Microelectronics Inc, Garden Grove, 
CA, (714) 898-8121 Circle No. 438 
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OH... AND THE CAFETERIA 
IS CLOSED. WE'LL JUST 
LAY DOWN SOME ALFALFA 
IN THE BREAK ROOM. 


© 1992 United Feature Syndicate, inc. 





EMAIL: scottadams @ aol.com 


Stores and Moni tors in a Since Chip 





The DS2151 T1 Single-Chip Transceiver is the most 
advanced solution available for interfacing to aT 1 
line. All of the circuitry needed to get data off of and 
onto a I'l line is contained in a package about the size 
of a nickel. The small 44-pin package cuts the amount 
of board space needed by up to 65%. Better yet, it 
cuts cost over current, multiple-chip solutions as 


much as 60%. 


The DS2151 was created with the design engineer in 
mind: its high level of integration speeds the time to 
market. The DS2151 can even adapt to future changes 
in I'l network protocols. And we provide pre-written 


C language source code to save you the hassle of 
creating software to support the ANSI T1.403 and 
AT&T TR54016 Facility Data Link (FDL) protocols. 
An easy-to-use design kit shows you how to take full 
advantage of all the features the DS2151 offers. 





= DALLAS 
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The D$2151 is the first chip that can interface to 
both short haul DSX-1 lines (up to 655 feet) and 
long haul CSU lines (up to 6,000 feet). Through 
simple software commands, you can configure your 


design to operate anywhere within the T1 network. 


For those of you designing systems to operate 


according to European or Asian standards, we 
offer the DS2153 E1 Single-Chip Transceiver, 
pin-for-pin compatible with the DS2151. 


To see how our Single-Chip Transceivers can 


save you money, space, and design time, give 


us a call at (214) 450-0448. 


CIRCLE NO. 72 





4401 South Beltwood Parkway m Dallas, Texas 75244-3292 m Tel: 214-450-0448 m Fax: 214-450-3715 
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Data-path compiler cuts design time in half 


Cadence Design Systems’ new Smartpath data-path com- 
piler for ASIC-chip design, cuts data-path design time in 
half and produces results that rival custom-designed data 
paths in performance and area, according to the compa- 


ny. DSP, »P, and wC chips 
make heavy use of data (ie cee 
paths, so improvements in 
data-path design time and 
efficiency can provide 
direct time-to-market and 
performance benefits to 
systems that use these 
chips. 

Smartpath’s design 
methodology is based on 
the ability to embed ran- 
dom or control logic with- 
in the data-path block, the 
interleaving of data-path 
functions, and over-the- 
cell routing for  bit- 
swapped buses. Embed- 
ding control logic within 
the data-path block 
decreases interconnection 
distance between control 
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and data-path functions, resulting in higher perfor- 
mance and smaller dice. Interleaving data-path func- 
tions eliminates channels between cell rows, letting you 
experiment with data-path block aspect ratios to fit the 
block within empty regions on the chip. By routing over 
cells for bit-swapped buses, Smartpath conserves data- 


¥} Seufeets 1/4 


Yes Pesign Meiaur Crate dail Moanin Ratapaih Analyze Moeckionle  Verdyadinpirt ; ne 
* eon ptesiy 


AIG: ADLIb Cxamiplepr aut, wt Be SS MM ROWE oe ae 
bat Ost: or | canes | vetoutts | Appt | 





By embedding random logic (green) within the data-path 
block (magenta), Smartpath minimizes data-path size and 
interconnection distance between the data path and control 


1234. 


path area. Some other data-path-generation schemes 


require additional routing channels and extra chip area 
to accommodate bit swapping between data-path buses. 

Smartpath employs your own or Cadence’s 0.5-~m 
standard cell library, and you can supplement the library 


with user-configurable cell 
generators, such as adders, 
multipliers, and shifters. 
You can change cell-gener- 
ator parameters, such as 
word width or drive capa- 
bility by specifying para- 
meter values on a screen 
menu and then have 
Smartpath automatically 
compile the desired block. 

You input information to 
Smartpath from Cadence’s 
Composer schematic editor 
or from the Verilog hard- 
ware-description language. 
Cadence will support 
VHDL input in a future 
release. 

Smartpath is available as 
an option to the Preview 
floor planner and the Cell3 


Ensemble or Cell Ensemble place-and-route software 
packages. Prices start at $40,000. An optional data-path 
compiler for Verilog costs $15,000. Cadence’s standard- 
cell library adds $200,000 to the cost.—by Jim Lipman 
Cadence Design Systems, San Jose, CA. (405) 943- 
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A/D CONVERTER OFFERS FEATURES FOR SOFTWARE RADIO 





Analog Devices’ new low-distortion, high- 
speed AD9042 converter suits use in “soft- 
ware radios,” which use a single wideband 
receiver operating over the entire 12.5- 
MHz-wide cellular band. The device allows 
cellular base stations to support multiple 
standards using software-defined hard- 
ware, rather than an array of dedicated 
receiver channels that may have the wrong 
mix at any instant. The device supports 
the Advanced Mobile Phone Service 
(AMPS), narrowband AMPS, time-division 
multiple-access, and Cellular Digital Pack- 
et Data standards, among others. It fea- 
tures 12-bit resolution, a 41M-sample/sec 
minimum sampling rate, and a SOM-sam- 
ple/sec typical sampling rate (twice that of 
comparable A/D converters). Software 
decodes the digitized aggregate signal 
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(representing up to 60 user channels), 
leaving the base station available to han- 
dle an arbitrary mix of standards and 
changing the mix dynamically as user 
demands change. 

The company tests the monolithic 
device with up to 48 input tones, com- 
pared to the two or three tones in a con- 
ventional test, to more closely simulate 
actual use. Spurious-free dynamic range is 
more than 80 dB with a 20-MHz input sig- 
nal (Nyquist frequency), and power con- 
sumption is 575 mW with a SV supply. 
The AD9042 is available now in a ceramic 
DIP for $199 (1000) and will be available 
in October in a surface-mount plastic 
package for $49.—by Bill Schweber 

Analog Devices Inc, Norwood, MA. 
(617) 937-1428. Circle No. 441 


Chip bridges 
PCI to 68040 


The Spanner interface chip 
from Newbridge Microsys- 
tems is the first in a family 
of Peripheral Component 
Interconnect (PCI)-to- 
68040 bridge chips that 
the company is developing 
with Motorola. The Span- 
ner allows designers of 
high-performance embed- 
ded systems to retain their 
existing 68000 code, lower 
the cost of their products, 
and decrease their time to 
market, according to the 
companies. The chip suits 
applications, such as 
68360 communications 
(continued on pg 20) 

















controllers, in which the 
68000 design functions as 
a CPU in the PCI system. 
The Spanner chip offers 
a 32-bit PCI interface, can 
be adapted to other 680x0 
buses, and is optimized for 
high throughput between 
a 68040 initiator and a 
PCI target. The device sup- 
ports Joint Test Action 
Group testing and offers 


two programmable slave 
images on the PCI inter- 
face. The Spanner comes 
in a 225-pin ball-grid- 
array package and costs 
$39 (10,000). 
—by Fran Granville 

Newbridge Micro- 
systems, Kanata, ON, 
Canada. (613) 592-0714. 

Circle No. 442 


with analog features 


Microchip's new 8-bit PIC16C622 microcontroller, 
which is code-compatible with the company’s 
PIC16CXX uC line, performs up to 5 MIPS at 20 
MHz. The device also supports analog features, 
including 

e TTL brown-out protection with a programma- 
ble detection period that resets the CPU when 
the voltage drops below 4V 

@ Dual voltage comparators (+10 mV) with eight 
programmable modes and the option to inter- 
rupt or wake up on transition. You can pro- 
gram coefficients for the comparators into 
one-time-programmable (OTP) memory during 
final test calibration. 

e A voltage-reference module with a 16-tap resis- 
tor ladder that supports voltage ranges from 
V,, to 75% V,,, and 25% V,,, to 735% V,,,. 

Like the register-based PICT6CXX Cs, the 
PIC16C622 employs a Harvard architecture for sep- 
arate code and data and has a 14-bit-wide instruc- 
tion set. Unlike the PICI6CXX Cs, the PICT6C622 
has a watchdog timer with a dedicated on-chip RC 
oscillator for system wake-up. Additionally, the 
device contains 128 bytes of data RAM and a 
2k 14-bit OTP memory. You can program the OTP 
memory using the PIC16C622’s in-circuit serial 
programming mode. The PIC16C622 is available in 
18-lead plastic DIP/SOIC or 20-pin SSOP packages 
for $2.98 (1000). 

Microchip offers several development tools to 
support the PIC16C622. The $3750 PICMASTER- 
16H universal development system includes an 
emulator-control pod, a target-specific emulator 
probe, and a prototyping programmer. The PIC- 
START-16C ($195) offers a development-software 
suite that includes an assembler, a simulator, and 
a simple programmer. To further help you with 
your development efforts, Microchip is conducting 
nationwide seminars from May to july. 

—by Markus Levy 

Microchip Technology, Chandler, AZ. (602) 786- 
7200. Circle No. 443 
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Logic-analyzer adapters ease 
PCI, PCMCIA troubleshooting 


A family of adapters from New Wave PDG greatly simpli- 
fies using Tektronix DAS 9200, Prism, and TLA series logic 
analyzers to troubleshoot popular buses. Besides making 
connections easier, the adapters make interpretation of 
the data more straightforward by tailoring the analyzers’ 
displays to the bus. New Wave offers models—each cost- 
ing $1595—for the Peripheral Component Interconnect 
(PCI), PCMCIA, VME, EISA, ISA, and MicroChannel 
buses. All of the adapters work with analyzers that that 
use 92A96, 92C96, 32GPD, and 32GPX acquisition cards. 
Some also work with 92A90 and 30MPX acquisition 
cards. 





Bus adapters from New Wave PDG tailor Tektronix logic ana- 
lyzers to troubleshooting of six popular buses, including PCI 
and PCMCIA. Of the six adapter types, only this PCMCIA 
adapter also acts as a card extender. The others plug into an 
unused slot on the bus under test. 


With the exception of the PCMCIA adapter, which also 
acts as a card extender, the adapters plug into an unused 
slot of the bus you are monitoring. New Wave took this 
approach to avoid errors introduced by extenders’ added 
lead inductance and capacitance. Among the adapters 
convenience features are: grouping of the logic-analyzer 
podlet connections, grouping of logical channels, label- 
ing of timing signals on the display, symbolic triggering 
(for example, trigger on I/O RD8 at a specific address), 
state and symbolic disassembly displays that use custom 
clocking to acquire addresses and data at appropriate 
times, and symbolic translation of acquired bus cycles. 
—by Dan Strassberg 
New Wave PDG, Norwood, MA. (603) 595-8116. 
Circle No. 444 


Survey predicts increase 
in embedded PCs 


The PC architecture is mov- 
ing quickly into embedded 
systems, according to a 
recent survey of embedded- 
system developers. Within 


two years, predicts technol- 
ogy-research company Em- 
bedded Systems Research, 
embedded PCs will control 

(continued on pg 21) 





CD-Quality Audio Converters 
At Prices That Sound Even Better. 


When leading OEMs design 
tomorrow’s audio products, they 
naturally talk to Analog Devices 
about high-performance digital 
audio ICs with true CD quality. 
For example, the ADC, sample- 
rate converter and DAC listed 
below all offer better than 90 dB 
dynamic range, dual channels and 
many unique multimedia audio 


features — all at low consumer 
OEM prices. 


AD1877 ADC. This single-supply 16-bit 
sigma-delta stereo ADC provides 92 dB 
signal-to-noise ratio and -90 dB THD+N. 
Analog inputs are single-ended for easier 
use. A flexible serial data interface has eight user- 
selectable modes. There’s even a 10 pW power 
down mode. Other applications include general- 
purpose data acquisition, communication systems 
and medical electronics. A -55° C to 105° C 
temperature-screened version is also available. 
Priced from $10.00.* 
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AD1893 ASRC. This SamplePort® stereo 
asynchronous sample rate converter has 
96 dB dynamic range and -96 dB THD+N 
at 1 kHz. Our patented technology allows 
conversion over 1:2 or 2:1 sample frequency range 
and rejects sample clock jitter. Low power 3 V 
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Operation is perfect for portable applications like 
MiniDisc, CD-R and DAT. Prices start at $10.10.* 


AD1859 DAC. This single-supply 18-bit 
integrated stereo DAC has 96 dB dynamic 
range, and -90 dB THD+N. A unique dig- 
ital phase-lock loop accepts a 27 MHz 
master clock input and sample rates from 28 to 52 
kHz, without external components. It’s ideal for 
digital cable and DBS settop decoders, HDTV, CD 
players and high-end computer multimedia. Prices 
start at $7.00* for both SOIC and SSOP versions. 


Find Out How Silicon Should 

Sound. For technical information or 
data sheets contact your local gy 
Analog Devices sales office or = 
representative listed below. 









For technical information or data sheets, 
contact your local Analog Devices sales 
office or representative listed below 





Analog Devices Europe: Austria (222) 88 55 04-0, Belgium (3) 2482619, Denmark (42) 84 58 00, France (1) 46744500, Germany 089/57005-0, 030/391 90 35, 04181/80 51, 0221/68 60 06, 0711/88 11 33, 
Israel (9) 911 415, Italy (2) 665 00 120, (11) 24 87 789, (6) 86 200 306, Netherlands (1620) 815 00, Sweden (8) 282 740, Switzerland (1) 820 01 02, (21) 803 25 50, United Kingdom 0932 266000 


* USD 1,000s, recommended resale, FOB U.S.A. 


SamplePort@ is a registered trademark of Analog Devices, Inc. 
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34% of all embedded sys- 
tems, up from 20% today. 
The PC architecture’s rapid 
rise will come at the 
expense of custom con- 
trollers, which will decrease 
from 39 to 28%. 
Out-sourcing of devel- 
opment and manufactur- 
ing is also a trend in 
embedded systems, accord- 
ing to the survey. Only 
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50% of survey respondents 
expect to design and build 
their own systems within 
two years, compared with 
63% today. These and 
other survey results appear 
in a 134-pg report that sells 
for $495.—by Gary Legg 

Embedded Systems 
Research, Corvallis, OR. 
(S03) 754-9310. 
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AT&T extends DSP16xx family 
with low-power version 


You have AT&T to thank for your cellular phone’s long 
battery life—that is, if your phone includes the compa- 
ny’s new 16-bit, fixed-point DSP1627 DSP. The device, 
based on the DSP1600 core and built on 0.5-~m tech- 
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nology, operates at 2.7V and typically consumes only 
39 mA (98 mA typ at SV), approximately five times 
lower than its predecessor, the DSP1617. The DSP has 
several power-management modes that let you selective- 
ly power down on-chip peripherals. However, the 
device’s data sheet lacks a maximum-current-consump- 
tion spec, making it difficult for you to spec a worst-case 
battery life for your product. 

In addition to the standard features of the DSP16xx 
family, the DSP1627 integrates a bit-manipulation unit 
(BMU), a PLL, and an 8-bit parallel host interface. For 
speech coding, the BMU lets you perform barrel-shift- 
ing, normalization, and bit-field extraction/insertion 
operations. You can use the PLL rather than an external 
crystal to generate the system clock, helping to reduce 
EMI. You can use the parallel host interface for a no-glue 
attachment to either Intel or Motorola microcontrollers. 
The DSP1627 in a 100-pin PQFP/TQFP costs $45 
(10,000).—by Markus Levy 

AT&T Microelectronics, Allentown, PA. (800) 


CSP 1027 


HANDSET 


DSP1627 


EXTERNAL 
MEMORY 
INTERFACE 


DSP1627 
CORE 


PARALLEL 
HOST 
INTERFACE 

CLOCK BIT 
SERIAL 2 SYNTHESIZER /0 


MAN-MACHINE 
INTERFACE 


SERIAL 1 


INTERFACE 


POWER 
ONTROL 


372-2447. Circle No. 446 
: SYNTHESIZER 


CSP1084 
RADIO 
INTERFACE 


W2005 
RECEIVER 





MICRO- 
CONTROLLER 





RUNNING: VSELP SPEECH ENCODE & DECODE, 
CHANNEL ENCODER, CHANNEL DECODER, 
EQUALIZER, AND SEQUENCER. 


SYSTEM CLOCK 





AT&T's DSP1627 provides a minimal-chip-count and minimal-glue-logic implementation of a digital cellular phone. It inte- 
grates a bit-manipulation unit, a PLL, and an 8-bit parallel host interface. For speech coding, the BMU lets you perform bar- 
rel-shifting, normalization, and bit-field extraction/insertion operations. 
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The relationship that could make the difference between on-time and downtime. 


HAMILTON HALLMARK AND TEXAS INSTRUMENTS. Because we understand the 


constant pressure you re under to shorten the product development cycle and to accelerate time-to-market. 
That on-time delivery is crucial — not just for products, but for technical support, information and 
value-added service. That's why, at 98 percent, TI is one of Hamilton Hallmark's top suppliers for 
on-time delivery. Because TI's coordinated inventory management program pipelines the right devices 
at the right time. For fast, same-day or just-in-time delivery. With factory training from TI, our field 
applications and Technical Support Center engineers get involved early in concept and design. For 
shorter product development and fast, accurate answers to technical questions — often within one 
hour. Technical data is sent within 24 hours of your request. And you can speed through prototyping 
and production and into the next generation with our value-added kitting, turnkey programming and 


our exclusive Point Of Use Replenishment System (POURS™). For faster time-to-market. 


For more details on how Hamilton Hallmark and TI's speed can help you succeed, call for a FREE 


Product Development Cycle Survival Kit. 


$800 605 3294 ext. H7 1 


AML TONED HALLMARK 


An Avnet Company 








i; 
INSTRUMENTS 
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a We take you to the leaders. > 






POURS is a trademark of Hamilton Hallmark. 
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2.4-GHz radio design complies | RS-232C transceiver IC has 


with IEEE 802.11 standard 


A new, high-per- 
formance radio 
design from 
Symbionics suits 
use in 2.4-GHz 
wireless LANs. 
The company 
based the design 
on the emerging 
IEEE 802.11 
industry stan- 
dard. By using 
common silicon 
instead of expen- 
sive GaAs _ to 
build a wireless 
LAN adapter, the 
design benefits 


manufacturers | | oe | 

by allowing rapid The 2.4-GHz radio cian ona PCMCIA | 
production Of card complies with IEEE 802.11 standard. 
inexpensive, 


standards-based, wireless-LAN products. 

The small, low-power radio uses surface-mount tech- | 
nology. The design does not incorporate punched holes | 
in the board; instead, components are soldered to con- 
ductive pads on both sides of the board’s surface. 

The radio achieves a -85-dBm sensitivity and a 20-dBm, 
or 0.1W, transmission power. The IEEE 802.11 standard | 
mandates greater than -85-dBm sensitivity and 30-dBm, 
or 1W, of maximum allowed power. The radio suits fre- | 
quency-hopping transmission. Manufacturers that want | 
to incorporate wireless capability into their products can 
license the design, reducing time to market and develop- | 
ment costs, according to the company. The license costs | 
$40 or less.—by John Gallant 

Symbionics Networks Ltd, Cambridge, UK (+44) | 
122 342 1025. Circle No. 447 | 





i 1LA automatic shutdown 


: As an additional strategy for minimizing power consump- 
' tion, the shutdown mode in the MAX3218 dual-channel 
' transceiver from Maxim is self-contained, working without 
! any software directive. The IC monitors its receiver inputs, 
| and, if there is no valid RS-232C level (mark or space) on 
| those inputs, the IC automatically puts itself into shutdown 
| mode, reducing supply current to 1 pA. (Absence of valid 
| levels indicates either that the interface cable is disconnect- 
| ed or that the peripheral device is turned off.) When either 
| input senses a valid level, the IC turns itself back on. Because 
| the IC defines the shutdown function, you can use the IC to 
| replace drivers without changing system software. The 
| device also provides a hardware shutdown-control line. 
The device provides two receiver and two transmitter 
; channels and operates with a supply range of 1.8 to 4.25V, 
; and supports a 120-kbps data rate. It comes in 20-pin SSOP 
j and DIP packages and costs $1.92 (1000). 
—by Bill Schweber 
Maxim Integrated Products, Sunnyvale, CA. (408) 
| 737-7600, ext 6087. Circle No. 448 





Resizing engines offer shrink and zoom operations 


graphic workstations, multimedia sys- 
tems, and projection and scan-conver- 


After a successful sampling program, 
Genesis Microchip’s three new 
video/image DSP chips, the gm865x1 
and gm833x2 resizing engines and 
the gm2242B half-band filter, have 
entered volume production. The 
resizing engines use the company’s 
Acuity Resizing series of real-time 2-D 
filtering engines to perform shrink 
and zoom operations. Acuity Resizing 
devices produce high-quality scaled 
images and reduce aliasing, artifacts, 
and distortion that are common with 
digital video scaling. Both chips use 
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interpolating and FIR filtering. When 
in reduction mode, the chips have all 
memory on chip for FIR filtering. 

The gm865x1 ($59 (50,000)) offers 
up to 65S-tap vertical and up to 65-tap 
horizontal filtering independently in 
both directions. The chip suits use in 
medical-imaging and LCD-projec- 
tion systems and high-end broadcast 
equipment, which can take advan- 
tage of the chip’s dynamic horizontal 
resizing for special effects. 

The gm833x2 ($23 (50,000)), offers 
up to 33 taps and suits use in video- 


sion equipment. 

The gm2242B half-band filter 
($15.24 (S0,000)) is compatible with 
the industry-standard TMC2242B 
chip and features a user-selectable 
sinx/x compensating filter, a pass- 
through mode, and constant data 
latency. Applications include broad- 
cast and teleconferencing systems and 
digital-compression and encoder 
equipment.—by Fran Granville 

Genesis Microchip Inc, 
Markham, ON, Canada, (905) 470- 
2742. Circle No. 450 





Take your designs to new heights 
with TMS320C5x DSPs. 


Select a 16-bit TMS320C5x DSP from Texas Instruments 
and get the perfect combination of performance, afford- 
ability and advanced power management to make your 


designs take off. 


From 50 MIPS at 5 V to 40 MIPS at 3 V, we’ve got 
your DSPs. Our ’C5x DSPs have flexible power-down 
modes resulting in power consumption as low as 5 pA. And 


memory combinations of up to 10K words of RAM and 32K 
words of ROM. 






DSP performance starting at 
less than $0.30 per MIPS. From , 


cy 


cost-sensitive consumer applications to | 


* 


me eB NOP NOG 





* Suggested resale price, U.S. dollars. 


© 1995 TI 
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high-performance telecommunications systems, no one 


makes DSPs more affordable to use than TI. 


Over 100 different speed, package and integration 
variations. With so many options available, you can design in 
the best price/performance solution. And meet the strictest 


space-conscious designs with our advanced packaging options. 


Get started with the $120* ’C5x DSP Starter Kit. Right 
now, get the DSP Starter Kit, an easy-to-use tool to 
help understand ’C5x DSPs. It includes board, 
assembler, debugger software and more. Find 
out how your designs will soar with ’C5x DSPs. 


Circle the reader service number below. 


R EA CH 


wy TEXAS 
INSTRUMENTS 


08-1191P 
SPRE231ED501R 
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Verification tool 
suite for 
submicron chips 
runs more 
efficiently 


Integrated Silicon Systems 
(ISS) has released version 2.5 
of the VeriCheck hierarchical 
verification system for sub- 
micron chips. The version 
uses a new connectivity data 
structure that substantially 
reduces the runtime and sys- 
tem memory for physical 
verification of complex ICs. 

Back-end design of com- 
plex chips requires verifica- 
tion of the layout database 
to ensure design success. 
Performing this verification 
on multimillion-transistor 
circuits can take substantial 
time. ISS claims that 
VeriCheck 2.5 cuts layout-vs- 
schematic runtime in half 
and improves design-rule- 
checking runtime by 20%, 
allowing you to run full veri- 
fications on complex chips in 
a day. 

The VeriCheck 2.5 pack- 
age comprises four “tradi- 
tional” verification tools. A 
hierarchical design-rule 
checker (HDRC) checks the 
layout database for correct- 
ness. A hierarchical layout- 
vs-schematic (HLVS) checker 
compares an_ extracted 
netlist from a layout data- 
base to a netlist derived 
either from a schematic or 
from another layout. A hier- 
archical _— electrical-rules 
checker (HERC) tests for such 
circuit violations as transistor 
gates shorted to power or 
ground, unconnected inputs 
or outputs, and nets with 
excessive fan-out. A hierar- 
chical layout-parameter 
extractor (HLPE) extracts 
device-parameter informa- 
tion from a layout database 
for use in a Spice netlist. The 
suite also includes the RCE 


26 = EDN MAy 11, 1995 





| EDN | | Out IN FRONT 


Lithium-ion battery-charge controller 
suits various charging approaches 


National’s LM3420 IC for charge and end- 
of-charge control of lithium-ion batteries 
works in linear, switching, and isolated 
high-efficiency switching charging. 
Because lithium-ion batteries have 
approximately half the weight and 70% of 
the volume of NiCd batteries, the lithium- 
ion units are enjoying growing popularity 
for handheld and portable equipment. 
The charge controller is available for one-, 
two-, or three-cell operation (4.2, 8.4, and 
12.6V, respectively) and in +0.5 and +1% 
tolerances, providing up to 15 mA of out- 
put current into external circuitry. 

The device comes in a five-pin SOT23 
package that has 20% of the footprint of 
an eight-pin SOIC. Despite its size, how- 
ever, the IC includes a precision bandgap 
reference that is trimmed and curve-cor- 
rected for operation over the —40 to +85°C 
range, an internally compensated op amp, 
voltage-setting resistors, and an npn out- 
put driver. The LM3420 costs $1.05 for the 





National’s LM3420 controller IC, in an SOT23- 
5 package, supports charging of one-, two-, 
and three-cell lithium-ion batteries. 


+0.5% grade and $0.90 for the +1% grade 
(1000).—by Bill Schweber 
National Semiconductor Corp, 
Santa Clara, CA. (800) 272-9959. 
Circle No. 451 
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critical-net RC extractor, the 





VeriView graphical debug- 
ging tool, and the VeriAccess 
C-language procedural in- 
terface. 

VeriCheck 2.5 tools run on 
Digital Equipment, Hewlett- 


Packard, IBM, and Sun plat- 


forms. Prices are $60,000 for 
HDRC, $70,000 for HLVS, 
$40,000 for HERC, $50,000 
for HLPE and $30,000 for 
RCE. Prices for VeriView and 
VeriAccess start at $25,000 


each. Using Cadence’ S stan- 
dard-cell library adds about 
$200,000.—by Jim Lipman 
Integrated Silicon Sys- 
tems, Research Triangle 

Park, NC. (919) 361-5814. 
Circle No. 452 








The brain. 





The conscience. 


How does it feel to know the semiconductor at the heart of your product is guaranteed for the 
lifetime of your product warranty? Ask our OEM customers who have relied on us to help meet their needs 
for decades. They expect their products to work flawlessly. And they will because they're Powered by 
Motorola. And backed by our Guarantee of a Lifetime’ Because when your business depends on it, a brain 
without a conscience is really no brain at all. 


The Motorola Guarantee of a Lifetime. Just one more (AA) MOTOROLA 


example of Motorola's commitment to total customer success. Semiconductor Products Sector 





POWERED BY “Details available in Motorola’s standard terms and conditions. Warranty provided only through Motorola OEM and distribution customers. 
MOTOROLA © 1995 Motorola, Inc. All rights reserved. Motorola and the (AA) are registered trademarks of Motorola, Inc. 
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Free Internet resources 


for engineers and programmers 


Cera Research is offering three free “Frequently Asked Questions (FAQ) 
Roadmap” reports. “FAQ Roadmap: Embedded Systems Internet” iden- 
tifies the key Internet resources, such as file-transfer-protocol (FTP) 
sites, Worldwide Web (WWW) sites, and Internet mailing lists, for 
embedded-systems programmers and design engineers. The report also 
has an index of IC manufacturers. “FAQ Roadmap: Windows Develop- 
ment Internet” identifies the key Internet resources, such as FTP and 
WWW sites and Internet mailing lists, for Windows programmers. It 
also points out useful archives of free shareware and the Microsoft 
Developer Network Internet sites. 

“FAQ Roadmap: Search the Internet” targets engineers and program- 
mers new to the Internet. It explains how to find resources for search- 
ing, such as key FAQ reports, Usenet groups, and other resources. It also 
has an index of WWW search engines. 

To obtain these reports via FTP, type “ftp.best.com/pub/cera” or 
“ftp.netcom.com/pub/ce/cera.” To obtain them via WWW, type “http: 
www.cera.com,” and, to otbain them via electronic mail, type “email 
info@cera.com.” —by Fran Granville 


Cera Research, Newark, CA. (510) 713-1620. Circle No. 453 


28 = EDN MAy 11, 1995 




















Part Single Channel Supports 
| Number Line 
| ss Channels (pF) 





Negation 


UC5605 
UCC5606 
UC5612 
UC5613 
UCC561 1.8 








9 & 18 LINE ADVANCED 
BICMOS ADAPTIVE TERMINATORS 


110 


Od Rm 1 


2.5K 







ie 
LINE N 
peg SN 


Low voltage operation, 3V-5V 


¢ Adaptive termination for 
short and long bus 


@ Micropower operation 
@ SCSI, SCSI-2, SCSI-3 compliant 
@ Supports Hot Swap 


9 & 18 LINE HIGH PERFORMANCE 
BIPOLAR TERMINATORS 





Bipolar ruggedness 
Best cost/performance 
@ SCSI, SCSI-2, compliant 
@ Supports Hot Swap 


INTEGRATED 
CIRCUITS 


mee UNITRODE 


TEL: (603) 429-8610 
FAX: (603) 424-3460 


7 Continental Boulevard 
Merrimack, NH 03054 
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. In Fast SCSI lerminators 


, Again 


Long SCSI connections were a problem until we The UCC5606 and UCC5614 


began developing active terminators to satisfy 
just about any SCSI termination concern. UNITRODE SCSI STANDARD © 
Take a look at our latest, the UCC5606/5614 | 


Low Voltage Operation, 2.7V - 7V 


¢ 110 Ohm/2.5k Programmable 


Termination 
family of 9-Line 3-5V SCSI Active Terminators. 


The UCC5606 and UCC5614 are ideal for high Complies with SCSI, SCSI-2, 


speed fast 20 and battery powered systems with SCSI-3 Fast 20 





their ultra-low channel capacitance of 1.8pF and Supports Hot Swap 


a supply current of 1mA. During disconnect, the 


@ 400mA Sink/Source Regulator 
UCC5606 and UCC5614 supply currents are only 


0.5p/A - keeping it really low! ¢ Adaptive Termination 


For free samples of our latest SCSI terminators Logic Disconnect UCC5614 


give us a call today. You name the number 


¢ Logic Disconnect UCC5606 
of lines, and we'll provide the application 


INTEGRATED 
information to meet your design’s requirements. nest  9-Line Termination 
am UNITRODE 
coe TEL: (603) 429-8610 


FAX: (603) 424-3460 
7 Continental Boulevard * Merrimack, NH 03054 EDN MAY 11, 1995 = 29 





A NONTRADITIONAL 


APPROACH TO EMI 







Misconceptions about EMI? EDN’s DESIGNER’S 
GUIDE TO ELECTROMAGNETIC COMPATIBILITY 
can help alleviate any electromagnetic interfer- 
ence problems you may encounter. With more 
than fifty years of collective experience under their 
belts, Daryl Gerke and Bill Kimmel focus on prac- 
tical insights and ideas about EMI to help you iden- 
tify, prevent, and solve your EMI problems as you 
design your equipment. 88 pages 


S33 & teary 

BHAPTER © ESD ae 

® ESD as an 
EMI problem 


Radio-frequency 
imlerference 









BHBPTIER © Powe 
HAPTER & f 
disturbances as 
EMI problems 
GAAP TER 

Circuit hoards... 


bulletproof yours 
against EME 






Topics addressed include: 


p tad cern noise and interference 
| — EMI regulations 
ce BUIDE TO i power disturbances 
COMPATBLITY — circuit boards 
rahe grounding 
troubleshooting 
Please send me copies of EDN’s DESIGNER’S GUIDE TO 


ELECTROMAGNETIC COMPATIBILITY@ $19.95. 
Sales tax (orders shipped to CA, CT, MA, NJ, NY must include applicable sales tax: 
Shipping: $3.50/copy (US), $15/copy (foreign), $3.00/additional copy 


Total 
“My check is enclosed payable to Cahners Reprint Services 
Charge my credit card: © Master Card L) Visa L) Amex 
CREDIT CARD # EXPIRATION DATE SIGNATURE 
NAME COMPANY 
ADDRESS CITY STATE Z\P PHONE 


CALL TOLL FREE (800) 523-9654 (FAX 708-390-2779) to order. 
Or fill out this coupon and mail it to: 
Cahners Reprint Services, 1350 E. Touhy, Des Plaines, IL 60018 
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The latest one-stop guide from this highly- 


respected author 


LI Simplified Design of 


Switching Power Supplies 
John D. Lenk 


An essential volume for students and 
experimenters as well as for design pro- 
fessionals, Simplified Design of Switching Power Supplies 
concentrates on the use of IC regulators, offering an all- 
inclusive, one-stop guide to switching power supply 
design. All popular forms of switching supplies are 
described in detail. 

©1995 221 pp Hardcover 0-7506-9507-2 $39.95 


i o 








Covers all popular forms of linear supplies 
in detail, including zener, three-terminal, 
feedback, current foldback, op-amp, series, 
shunt, and IC package 


LI Simplified Design of 


Linear Power Supplies 
John D. Lenk 


Simplified Design of Linear Power Supplies is an all-inclu- 
sive, one-stop guide to linear power supply design that 
enables even those with no previous design experience to 
use the techniques described. Includes design examples 
that can be put to immediate use as is, or modified to 
meet specific design goals. 

©1994 218 pp Hardcover 0-7506-9506-4 $34.95 








Emphasizes today’s modular approach to PERATIONAL 
analog circuit design using low-cost inte- CIRCUITS. 
grated circuits = 


_] Operational Amplifier 


Circuits 


Analysis and Design 
John C.C. Nelson 


This book, a revised and updated version of the author’s 
Basic Operational Amplifiers (Butterworths 1986), enables 
the non-specialist to make effective use of readily avail- 
able integrated circuit operational amplifiers for a range 
of applications, including instrumentation, signal genera- 
tion and processing (it is assumed the reader has a back- 
ground in the basic techniques of circuit analysis). 


©1995 175 pp Paperback 0-7506-9468-8 $22.95 








The second compilation of articles from 
EDN Magazine! 


_] EDN Designer’s 


Companion 
Edited by Bill Travis and 
Jan Hickman 


This fully up-to-date collection of articles covers a broad 
variety of subjects, including analog and digital circuits, 
test and measurement, software and algorithms. Fully 
annotated, indexed, and cross-referenced! 

©1994 254pp Hardcover 0-7506-1721-7 $29.95 








Enables technicians or engineers to complete a 
complex schematic for a state-of-the-art 
power supply in less than one day 


L) Power Supply Cookbook 
Marty Brown 


Written to serve as a practical reference on 
power supplies during the design process, [ai 
the Power Supply Cookbook provides easy-to- 
follow, step-by-step design procedures for every phase of 
power supply design. It offers common industry 
approaches along with relevant explanations that facilitate 
implementation. Many easily modified design examples 
are provided as design templates to help the reader. 

©1994 248 pp Hardcover 0-7506-9442-4 $39.95 





For Faster Service, call Toll Free 1-800-366-2665 
or 617-928-2500 (outside U.S. and Canada) 


M-—F, 8:00-6:00 EST 





FREE trial offer, with 3 easy ways to order in the U.S.! 


1) YES! Please send me the book(s) indicated for a FREE 30-day examination. 
After 30 days, if I decide to keep the book(s), I will honor your invoice for the 
price of the book(s) plus applicable sales tax and handling. Otherwise I will 
return the book(s) and owe nothing. 
1. CALL toll-free 1-800-366-2665 weekdays between 8:00 and 6:00 EST 
2. MAIL Check the title(s) you want, provide the information requested 
below, and mail this page to Butterworth-Heinemann, 225 Wildwood Ave., 
Woburn, MA 01801 
3. FAX Provide the information requested below and fax this page to 
(800) 446-6520 (Fax anytime, 24 hours a day) 


0} Simplified Design of Switching Power Supplies /Lenk (0-7506-9507-2) 
©} Simplified Design of Linear Power Supplies /Lenk (0-7506-9506-4) 

O Operational Amplifier Circuits /Nelson (0-7506-9468-8) 

O EDN Designer’s Companion/Travis & Hickman (0-7506-1721-7) 

J Power Supply Cookbook/Brown (0-7506-9442-4) 


Name 
Address 











Tel: 


Signature 
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ping. All others will ship via surface mail. 
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225 Wildwood Avenue 
Woburn, MA 01801 


Prices subject to change. 
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lf you require 


we are the right company 





to talk to 








VACUUMSCHMELZE GMBH 


We are one of the world’s leading pro- 
ducers of metallic materials with excepti- 
onal physical properties and resulting pro- 
ducts. We maintain our own Offices in all 
important industrial centres within Ger- 
many as well as in 18 European and 14 
overseas countries; this worldwide repre- 
sentation ensures direct dialogue and 
communication with each and every 
customer. 


Our particular strengths concentrate on 
development and manufacture of innova- 
tive products. Our soft magnetic crystalline 
and amorphous materials, inductive com- 
ponents and rare-earth permanent mag- 
nets have achieved international recogni- 
tion. A competent technical customer 
service will provide efficient solutions to 
any problem. Modern manufacturing and 
inspection processes as well as a quality 
management system to DIN ISO 9001 
ensure the high quality standard of our 
products: 


Soft magnetic semi-finished products, 
parts, lamination packages and shielding; 
strip-wound cores and inductive compo- 
nents; magnetic sensors; rare-earth mag- 
nets and magnet sysems, ductile perma- 
nent magnets and magnetically semi-hard 
materials; bimetals, spring materials and 
expansion alloys. 


Why not test the advantages offered by 
contacting 


VACUUMSCHMELZE GMBH, 
Gruner Weg 37, D-63450 Hanau 
Tel. (**49) 6181 / 38-0 

Fax (**49) 61 81 / 38-2860 


VA\. 


VACUUMSCHMELZE 





CIRCLE NO. 137 


BE  |Sicnas & Noise 


Correction 


We listed an incorrect phone number 
for Texas Instruments in the “For free 
information” box on pg 82 in “Bridge 
chips help connect host and expansion 
buses to the PCI bus” (EDN, Feb 2, 
1995, pg 77). The correct phone num- 
ber is (800) 477-8924, ext 4500. 





Jim Williams’ features 
continue to draw 
reader response 


Jim Williams’ article “Be it ever so high- 
tech, there’s no place like home” (EDN, 
Jan 5S, 1995, pg 103) and Dennis 
Feucht’s letter in “Signals & Noise” 
(March 16, 1995, pg 25) should have 
unequivocally stated that creative engi- 
neers who can develop state-of-the-art 
hardware or software on their own 
should work primarily for themselves. 
The home lab should never become a 
permanent extension of the workday 
job experience, nor should its fruits be 
freely given to employers with whom 
the engineer has no equity position. 
Feucht has apparently come to this 
reality via the backdoor, now that 
mainstream technology companies are 
no longer interested in taking advan- 
tage of him. However, Williams is seri- 
ously shortchanging himself under 
what I call the “work-is-its-own- 
reward” theory of career management. 
Time spent as an employee should not 
be squandered exchanging excellent 
and (perhaps) patentable ideas for a 
paycheck and a pat on the back. 
Hasn’t Williams looked around and 
noticed few (if any) engineers aged 50 
or 60 working alongside him at the 
office? Departure from the job (coerced 
or otherwise) is not all bad—if it is 
expected or planned. Engineers, 
though groomed to serve as employees, 
should grab control of their intellectu- 
al property. Although quality advice on 
this subject is extremely scarce, a good 
deal on a 1964 Tektronix oscilloscope is 
no workaround for anger, denial, and 
today’s wonderful euphemism, the 
“involuntary career change.” 
Don Mennie, Technical Writer 
Mendham, NJ 


I particularly enjoyed Jim Williams’ 
article “Be it ever so high-tech, there’s 
no place like home” (EDN, Jan 5, 1995, 


pg 103). I agree that my lab is a most 
prized possession, and, to confirm Jim’s 
assertion, it has been the single most 
important asset to my career advance- 
ment. 

Besides being important profession- 
ally, my lab is both a refuge and a great 
recreational tool. My wife can confirm 
that it would be a close call as to which 
would go first—my pool table or my 
lab. 

If I had $1500 lying around for a new 
gadget, unlike Jim, I’d save another 
$1500 and get a brand-new scope, 
rather than spending [the money] on a 
curve tracer. Properly instrumented, 
your circuit can do the necessary curve 
tracing...in real time. 

But, please, don’t kid us. You can’t 
possibly do meaningful work in the 
place shown in those photos. Straight 
out of Better Homes and Gardens, it’s far 
too neat and tidy. Tell us the truth: How 
long did it take you to get your lab back 
to operational condition after the 
photo session? 

James Hansen, Project Engineer 
New Boston, NH 


Benefits abound 
in home labs 


I loved Jim Williams’ article “Be it ever 
so high-tech, there’s no place like 
home” (EDN, Jan 5, 1995, pg 103). I 
have had a home lab for 38 years, since 
I was eight years old. Most of the elec- 
tronics engineering I know I’ve learned 
in my home lab. For doing speculative 
research, the freedom of a home lab is 
unsurpassed. The combination of 
cheap, excellent, older analog instru- 
ments; cheap, modern PCs; and cheap 
or free software is intoxicating. 

I am currently studying for a PhD in 
electrical engineering, with a research 
interest in high-speed, mixed-signal 
ICs. I have found my home lab better 
equipped for analog-circuit experimen- 
tation than the labs at my university. 

In school, I have learned that it is 
now possible to design (and have built) 
standard-cell or full-custom ASICs in 
small quantities at a cost within reach 
of my home-lab budget. 

Well-loaded 486- and 586-class PCs 
can easily run Linux, a “copylefted” 
(free) Unix clone, and large (by PC stan- 
dards) Unix applications. This opens 
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.... create complex screens 
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provides 
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of Instrument- 
size LCDs. Up 
to 256 built-in 
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graphics are main- 
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special effects. 
Complete User 
Manual included. 
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MO) VISA AMEX gratification. 






($595 pre-assembled & tested) 


*The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 


Box 3000 @ San Gregorio CA 94074 
Tel: 415-726-3000 @ Fax: 415-726-3003 
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the way to run free ASIC-design pack- 
ages, developed at various universities 
under government grants (our tax dol- 
lars at work). See the ads in the Linux 
Journal for more details. 

For example, Nascent Technology 
offers all of the above on CD-ROM for 
$150 (you pay for the CD and support 
from Nascent, not for the software 
itself). You’ll find other similar offer- 
ings in the Journal. 

Mosis and Orbit offer fabrication ser- 
vices tailored to small-quantity produc- 
tion. Mosis is oriented primarily toward 
universities, but it also provides com- 
mercial services. Mosis charges univer- 
sities $750 for fabrication and packag- 
ing of 25 pieces of a small custom ASIC. 
You do all the design, simulation, and 
testing yourself. 

Peter Anderson, 
Computer Science & 
Electrical Engineering, 
University of Vermont 
Burlington, VT 

PS: Thanks for Dilbert. 


Tube fan unimpressed 

with April Fools’ write-up 
The humor attempt, “Solid-state stereo 
amplifier emulates tube sound” in your 
March 30, 1995, issue (pg 22) shows an 
ignorance that engineers seem to relish. 
For as long as transistors have been a 
viable amplifier, engineers have been 
telling musicians that solid state is 
equal to or better than tubes. Musi- 
cians, unfortunately, were unable to 
fight the techno-babble with their 
sense-translated descriptions of sound. 
Since engineers could not comprehend 
musicians, they simply derided them. 

Carlos Santana told me that my first 
attempt to make a solid-state amplifier 
sound like tubes was like “white wine” 
but that he wanted “red wine.” Sensing 
my confusion, he explained further 
that my amplifier sounded like “glass” 
whereas he wanted an amplifier that 
sounded like “flesh.” Later, Al Di Meola 
told me that my amplifier had no life. 
These terms are part of the “specifica- 
tions” customers provide. Their money 
makes it serious. 

Russell Hamm pointed out the 
behavioral differences in his May, 
1973, Journal of the Audio Engineering 
Society paper, “Tubes Versus Transis- 
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tors—Is There An Audible Difference?” 
The behavioral differences lie in a 
region hidden by engineering preju- 
dice. The engineering concepts have 
very nearly removed warmth from 
audio. A whole generation of guitar 
players has been raised on solid-state 
amps that lack the grace needed for true 
guitar artistry. 

Engineers make amplifiers that are 
“white wine,” “glass,” and “dead.” 
They have been doing so for decades 
because they stick to their prejudices as 
if they have the same validity as Ohm’s 
law, Thévenin’s Equivalences, and 
Fourier transforms. 

Eric Pritchard 

Deja Vu Audio 

Berkeley Springs, WV 

Ed Note: Most engineers set out to design 
amplifiers whose outputs are faithful 
reproductions of their inputs. That is to 
say, if the source material is a perfectly 
recorded trumpet or guitar passage, then 
the amplifier’s output should ideally be a 
bigger version of that passage, with identi- 
cal amplitude, phase, and harmonic rela- 
tionships (all objective, measurable para- 
meters, I might add). 

If this faithful reproduction does not 
sound “warm” or like “red wine,” then the 
source material did not sound that way, 
either. If you opt to deliberately introduce 
various clipping and distortion phenome- 
na in the amplifier to make the sound 
“warmer,” go ahead; it’s a free country. 


More on 
mixed mezzanines 


Your excellent article, “Mezzanine 
buses bring backplane benefits to the 
board level” (EDN, March 2, 1995, pg 
67), correctly points out that the “pro- 
fusion of competing alternatives has 
diluted the buses’ value.” This is true of 
the myriad proprietary solutions avail- 
able today. The author concentrates on 
M-Modules, IP, and PMC, but what 
must be stressed is that these are pre- 
cisely the only mezzanines that meet 
all the criteria for being considered 
truly open standards: industrial con- 
struction, CPU independence, bus 
independence, nonproprietary specifi- 
cation, wide product range, and multi- 
ple vendors (at least five significant 
manufacturers). 

Thanks to the open-standard triad, 


the price-vs-bandwidth problem is 
solved: Powerful graphics or network 
interfaces will be implemented in PMC, 
whereas simpler I/O functions, field- 
buses, and motor controls will use M- 
Modules or IP. The mixed PMC and M- 
Module/IP approach is indeed our 
position as well as Motorola’s. Depend- 
ing on the application, one may use a 
high-level mezzanine (PMC), a low- 
level one (M-Module or IP), or both. 
Michael Tommasi, AART Industries 

La Seyne, France 


Williams responds 
to reader query 


Regarding reader JP Browne’s com- 
ments in “Signals & Noise” (March 30, 
1995, pg 27) on P6042 maintenance: 
There are three choices for replacing 
custom-IC #M-18. 

@ [t can be quite nicely built up from 
transistor arrays (see P6042 manual 
for a schematic of the IC). 

e@ It can be purchased from Deane 
Kidd (phone (503) 625-7363). 

e Its function can be synthesized 
with a standard off-the-shelf IC 
with minimal modifications to the 
P6042 (see Linear Technology 
Corp’s Application Note #61). 

And, finally, the above-mentioned 
Deane Kidd also has a probe cable wire. 
Jim Williams, Staff Scientist 

Linear Technology Corp 

Milpitas, CA 


Hooray for Plug and Play 


I read with enthusiasm your article on 
“Plug and Play” (EDN, March 2, 1995, 
pg 33). Having worked closely with the 
originating principles of Plug and Play 
since early 1994, it is refreshing to see 
positive, honest press on what is a diffi- 
cult technical challenge, given the large 
installed base, the restrictive architec- 
ture, and the complexities involved. 
Yet, clearly the goal is worthy and 
achievable through positive enlighten- 
ment of end users. Thank you for your 
efforts. 

I have also been an active contribut- 
ing member of PCMCIA since 1991. I 
would like to clarify one point made in 
your Plug and Play article: The PCMCIA 
Cardbus is not a 16-bit data path, but a 
32-bit data path; it is multiplexed with 

(continued on pg 37) 





The British Railways Board 
invites organisations to register 
their potential interest in buying 
Interlogic Control Engineering 
(Interlogic), an independent 
business unit within British Rail 
formed from the former Signalling 
Projects Group. Interlogic offers 
an integrated range of railway 
signalling consulting and 
contracting services including: 


e Signalling scheme development 
consultancy 

e Design of new signalling systems 
and alterations to existing systems 

e Electronic systems application 

design 

Testing and commissioning 

Site management 

Safety case studies 

Project management and 

engineering 


Interlogic has forecast turnover for 
the twelve months to 31 March 1995 
of some £24 million which includes 
fee income of some £20 million. 
Most of Interlogic’s revenues come 
directly or indirectly from Railtrack. 
The business has a forecast staff 
level of some 480 at 1 April 1995. 
Interlogic has its headquarters in 
Paddington with operational units in 
Reading and Birmingham. 





HILL SAMUEL 


BANK 





Spetae 


This is an opportunity to purchase 

a business with important specialist 
skills in the design and implementation 
of “stageworks” for the live railway 
covering a range of equipment from 
mechanical interlocking to state-of- 
the-art solid state systems. Interlogic 
also has a comprehensive knowledge 
of the practical safety issues 
associated with working on a live 
railway and an extensive experience 
of the existing railway infrastructure 
in Great Britain with its wide ranging 
ages of signalling systems. 


This advertisement is issued by 
the British Railways Board and 
has been approved solely for the 
purpose of Section 57 of the 
Financial Services Act 1986, by 
Hill Samuel Bank Limited, a 
member of The Securities and 
Futures Authority. 


Interested parties 
Sale) 0] (e) (exe) a) t= (oie 
The Commercial 
Department 


—— 
Vendor Unit 


British Railways Board 
Drayton House 

616) Cfo) ele)a) o)ig=\2)! 
London WC1H OAN 


Tel: +44 171 383 4966 
Fax: +44 1/71 383 5/15 
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S High Density Memory Modules 
—_ In Three Dimensional Packaging 
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2,4,8 & 16 MB FLASH in 66 pin PGA 
2,4, & 8 MB FLASH for Surface Mount 
1,2,4, & 8 MB SRAM in 66 pin PGA 
1,2 & 4 MB SRAM for Surface Mount 
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7321 Lincoln Way, Garden Grove, CA 92641 
714°898e0007 FAX 714°897-1772 
For More Information Call 800°642¢4477 
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Full-Featured Fractional HP Motors 
and Controls at OEM Prices 





py, Japan Servo Com ny, Ltd. 


AC Motors & DC Brushless / 
Permanent Magnet Motors 


Stepper Motors - Hybrid & 
Permanent Magnet 
. Fixed & variable speeds 


- @ Encoders & interchangeable gearheads 
2 Wide range of speeds & torques 


e + Step angles from 0.45° to 15’in half, full & micro- aps 
* 50% more torque/size 

e Encoders & gearheads with or without drivers 

e Three-phase motors available 


Call for Specs or Quote: 


203/840-1590 
FAX: 203/840-1601 


Distributed by: 


Japanese Products Corp. norwaik, ct 06851 
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the address, can run indexed burst 
mode, and was recently approved to 
operate at 33 MHz when the appropri- 
ate connectors are implemented in a 
Cardbus-compliant host socket and on 
the Cardbus-style PC card. Obviously, 
it is not extensible to the point of the 
PCI specification, upon which it is 
based, because the bus can be a 64-bit 
path, but with only 68 pins in the PCM- 
CIA PC Card interface, the 64-bit 
option isn’t possible in the current def- 
inition. 

Tom Geary, Program Manager, 

Standards Activities 

Rockwell Telecommunications 


Clarification of 
company claim 


Regarding “Flurry of engineering soft- 
ware for test, control, and fuzzy design” 
(EDN, Out In Front, March 2, 1995, pg 
12), a competitor states that it has “the 
only product that lets you compare the 
behavior of systems you design using 
fuzzy-logic techniques and those you 
design using classical control theory.” 

In January 1992, Integrated Systems 
introduced the RT/Fuzzy modular 
extension to its MATRIX, product fam- 
ily of graphical-modeling, system- 
design, simulation, code, and docu- 
mentation-generating tools. The prod- 
uct combines fuzzy-logic reasoning 
with numerical reasoning for real-time 
software applications. 

For more than three years, the com- 
pany has been the only provider of 
fuzzy-logic tools for simulation and 
modeling. Numerous control-design 
products have been created for our cus- 
tomers using fuzzy-logic techniques 
and classical control theory. 

Moses Joseph, VP of Marketing 
Integrated Systems Inc 
Santa Clara, CA 
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WHEN It’s Your Jos 
4 To MaKe THE 
oe) ’ IMPOSSIBLE, POSSIBLE 


Now that there’s no 

time or space to spare, 
it’s your job to design the 
switching power supply. 


Talk about mission 





impossible! 

Fortunately, Power Trends’ 1-Amp 
PT5100 Integrated Switching Regulator 
can get the job done in no time, and 
it only needs about one-fifth 
the PCB footprint of 


kit-based switchers. 
Power Trends’ 
ISRs also 
offer higher 
efficiencies, low ISO 9002 
EMI and provenreli- CERTIFIED 
ability, while running significantly 


cooler than linear regulators. They’re pin- 
compatible with existing 3-terminal “78 Series” 
linear regulators and just as easy to use. 

The Power Trends PT5100 is the fastest, 
easiest way to meet your power supply needs 
because all you do is just plug it in. It’s the 
solution you need when the pressure is 
on and there’s not a minute or an inch 


to spare! Call or 









pat - write for more 
information, and ask 


about samples today! 


1-800-531-5782. 


Actual 
Size 


POWER TRENDS‘ 


1101 North Raddant Road, Batavia, IL 60510 
(708) 406-0900 ¢ Fax (708) 406-0901 
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today these devices are common in high-volume 
applications such as modems, cellular telephones, 
digital audio, and image processing. 


MARKUS LEvy, TECHNICAL EDITOR AND 
JAMES P LEONARD, SENIOR ASSOCIATE EDITOR 


Welcome to EDN’s 1995 DSP directory. The goal of this 
directory is to provide you with concise, useful, and up-to-date 
information on the general-purpose DSP chips available for 
your next design. Although your investigation may take you 
beyond the scope of this directory, use it as a starting point: 
You'll benefit from 21 pages of comprehensive technical 
analysis as well as overviews of DSP-chip features and specs. 

The DSP devices highlighted in this 
year’s directory are general-purpose 
processors. Although some of the chips 
have application-specific features, such 
as IBM’s Mwave DSP with built-in 
Sound Blaster support, all are repro- 
grammable and have flexible architec- 
tures. And, most of these devices are 
supported by a range of development 
tools (see box, “Analyzing DSP-devel- 
opment tools”). 

When comparing different DSP 
architectures, note how DSP manufac- 
turers choose to optimize their prod- 
ucts. In many DSP applications, it’s 
important to move instructions and 
data around inside the CPU as quickly 
as possible. To accomplish this, some 
devices, such as Motorola’s DSP96002, 
have taken the Harvard architecture to 
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the extreme by using as many as eight internal buses, while 
others, such as AT&T’s DSP32C, have limited the number of 
internal buses to two, thereby optimizing device cost. In 
addition, some DSPs place an emphasis on fast context 
switching and, therefore, include multiple register sets; and 
others still depend on an accumulator-based architecture. 
One of the most oT. DSP eee introduced this 


ANAL LYZING 6 DSP-DEVELOPMENT TOOLS 


. tony should j you a 


Daa Tools and Memodcens: 
able to help you deliberate this issue. _ 

The three-volume set’s price tag of $3850 may. not fit Vel 
when you compare this price with the cost of purchasing an 
ment tool and discovering that it falls short of your expectation 
to be a good investment. For more information, contact Berk 
nologies (Fremont, CA) at (510) 791-9100. Circle No. 321 
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year is the Texas Instruments TMS320C32, which is the first 
floating-point DSP to cost less than $10 (250,000). This price 
breakthrough allows DSP-application designers to take 
advantage of floating-point-processor performance and ease 
of use. The TMS320C32 also has a flexible memory inter- 
face, allowing connection to 8-, 16-, and 32-bit-wide mem- 
ories. 

Looking ahead to 1996, watch for the debut of new archi- 
tectures. Philips Semiconductor (Sunnyvale, CA, (408) 991- 
3838) plans to introduce a programmable-architecture 
device based on very-long-instruction-word (VLIW) tech- 








PHOTOGRAPH 
COURTESY 
ANALOG DEVICES 


nology. Using VLIW technology, multiple operations can be 
compounded into a single instruction. Typically, VLIW 
requires very wide external buses to get instructions into the 
CPU, which, in turn, raises the cost. The most interesting 
aspect of Philips’ architecture, named TriMedia, stems from 
the company’s patented technology that allows development 
of this wide-word-based machine without having die-size 
impact. As a multiple-operation instruction enters the CPU, 
decode logic distributes each suboperation to one of 27 sep- 
arate functional units within the core. TriMedia, targeting 
PC-based multimedia, will sell for less than $50. 
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AT-A-GLANCE DSP-CHIP RUNDOWN 
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ACRONYMS & ABBREVIATIONS: 
A KEY TO DSP SCHEMATICS 


| Maximum 
_| interrupt 
(cycles) Special features _ 


AB: program-and-data address bus 

ACC: accumulator 

ADC/DAC: analog-to-digital and 
digital-to-analog converter 

ADDR GEN: address generator 

ALU: arithmetic logic unit 

BS: barrel shifter 

CDB: control data bus 

CM: cache memory 

CPUB: CPU bus 

DAB: data address bus 

DB: program-and-data data bus 

DDB: data data bus 

DM: memory for data only 

DMAAB: DMA address bus 

DMADB: DMA data bus 

DMAC: DMA controller 

FP: floating point 

FX: fixed point 

GDB: global data bus 

IDB: instruction data bus 

INT: external interrupt 

MAC: multiply/accumulate 

PAB: program address bus 

PDB: program data bus 

P/DM: program and data memory 

PIO: parallel I/O 

PM: memory for program only 

PPCP: parallel-processor comm port 

PRAB: peripheral address bus 

PRDB: peripheral data bus 

REGB: register bus 

SIO: serial |/O 

XAB: external address bus 

XDB: external data bus 

XDAB: external data address bus 

XDDB: external data data bus 

XIOAB: external I/O address bus 

XIODB: external I/O data bus 

XPAB: external program address bus 

XPDB: external program data bus 


Algebraic assembly, 4 DMA chann 


Off-chip Harvard Architecture, in 
parallel computation units. 
512-kbyte on-chip, dual-port RAN 
\/O controller with 10 DMA chat 


Low power (0.7 mA/MIPS), prov 
architectural expansion with acc 
Bus master interface, byte address 
IEEE P754 compatibility. 


ASIC core, Viterbi accelerato 


ISA bus and MIDI interfaces, _ 
Sound Blaster support, audio co 


On-chip emulation, PLL, timer. 


On-chip emulation, two 32-bi he 
interfaces, two 32-bit externa 
memory pons. ss _ 


1-cycle MAC. _ 
Eight 40-bit general-purpose reg 


accumulators, parallel instruction set. 
for single-cycle multifunction op 


ASiC core. 


2-instruction MAC. - 


Expanded RAM/ROM (up from ‘C1x). 


Flexible memory interface ('C32).. 


Communication ports. 





You can reach 
Technical Editor 
Markus Levy at (916) 
939-1642, fax (916) 
939-1650. 
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Please use the Information Retrieval Service card 
to rate this article (circle one): 
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You need to accelerate product 
development. And you should 


have started yesterday. 


What computer system do you have? 


What you need is a total computing solution, 
Empowered Engineering from Hewlett-Packard. 
No other vendor can offer as potent a combination 
of leading-edge graphics workstations, applications, 
networking products, and consulting. And no other 
vendor can bring it all together as seamlessly, 
giving your engineering teams the collaborative 
tools they need to work faster and more creatively 
So you can get to market first, with the best. 

If the business decisions are yours, 


the computer system should be ours. 


QD HEWLETT* 


PACKARD 


Computer Systems 





©1995 Hewlett-Packard Company. WSG9501 
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THE WORLD’ 
MOST ACCURATE HIGH SPEED 
0-BIT A/D: 
























Next time you need a 10-bit A/D, 

don’t settle for second best. The HI5 102 Featur CS 
new HI5702 high-accuracy, high- ¢ GUARANTEED 8.3 Effective 
speed 10-bit A/D converter from —= Typical 10-0 Number of Bits (ENOB) @ 
Harris is the most accurate A/D of | —Tipieal 6-it fin= 10 MHz 

its kind, with 8.3 Effective Number = © GUARANTEED 40 MSPS 

of Bits (ENOB @ {i,=10MHzZ) ¢ Widest Analog Full Power 


precision — guaranteed. Use it to 
improve the performance of an 
8-bit design. Drop it into an existing 
10-bit design for more dynamic ye 
range. Or use it to consolidate IF : 
stages in a wireless design. 
Wherever you use it, the HI5702 
gives you a sharper edge in signal 
quality and performance. Call us 
to find out | 
more. Then get 
ready to raise your 
design to new heights. 


Bandwidth (FPBW): 250 MHz 


Spurious Free Dynamic Range 
(SEDR) @ f,,=10 MHz: -63dBc 


Intermodulation Distortion 
(IMD) @ fy=1 MHz, 
f)=1.02 MHz: -59dBc 


¢ DNL +/— 0.5 [SB 


e Differential Gain/Phase: 
().5%/0.25° 


¢ Priced from $38.63 (1k) 





wore re fast. They’re quiet. And they’re 
Feng _ right on target. Turn one loose on your 
? ahd een next A/D project. 






SEMICONDUCTOR 


ANSWER | for more information: 
Call 1-800-4-HARRIS and ask for extension 7296. 


Technical assistance on Internet: centapp@barris.com 
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The ADSP-2100 family’s CPU handles general processing 
needs and delivers single-cycle instruction execution when 
executing tight DSP algorithms from on-chip memory. Code 
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can execute multiple operations per cycle. The MAC, ALU, 
and barrel shifter are separate units and can execute in par- 
allel. The registers of each of these execution units are shad- 
owed by secondary registers, allowing fast context switching. 

The MAC unit has a 40-bit accumulator (includes 8 guard 
bits) that can be treated as two 16-bit and one 8-bit register 
if extended precision is needed when storing results in mem- 
ory. MAC results must be passed through the ALU to obtain 
the sign, but this operation can be done in the same instruc- 
tion cycle as a data store or read. The barrel shifter shifts 16- 
bit inputs left or right into a 32-bit register. The shifter also 
includes hardware support for block floating point. 

ADSP-2100 family members have two address generators 
(X and Y) and two buses (program and data). While execut- 
ing out of the 16-instruction-word on-chip cache, the two 
buses feed the X and Y data values for each MAC cycle. Thus, 
program memory can be used as data memory to hold con- 
stants for single-cycle MAC processing. The program bus is 
free for MAC use when the CPU executes out of on-chip pro- 
gram memory. The program memory is dual-ported, which 
allows two memory accesses in one cycle. For access to exter- 
nal memory, the ADSP-2100 has a programmable wait-state 
generator for O to 7 wait states. 

Analog Devices’ designers opted for a wide 24-bit instruc- 
tion word to minimize instruction decoding and speed exe- 
cution while utilizing complex instruction formats. Data 
words are 16 bits. The difference in code and data word sizes 
requires a Harvard architecture with two separate memory 
spaces. But, Harvard architectures with separate memory 
Spaces are typical for most DSPs; they enable instruction 
fetches to occur in parallel with single-cycle MAC operations. 
In the ADSP-2100’s case, the different memory sizes can 
complicate external-memory design. 


SUPPORT 





Addressing modes—Immediate, register direct, memory 
direct, and register indirect. Zero-overhead looping: Each 
address generator supports up to four loops with three regis- 
ters each, which define the end, length, and access address. 
Each generator handles modulo (circular) addressing. One 
address generator provides bit-reversed addressing (data 
only). 

Special instructions—Most instructions are conditional. 
A DO UNTIL command sets up a sequence of instructions 
for repeat operations. The hardware has built-in automatic 
loop control and addressing for MAC processing. 


VARIATIONS. 

ADSP-2101/3—20 MHz; 70 mA max at 5V (10 MHz; 
17.5 mA max at 3.3V for 2103); 2kx24-bit program RAM; 
1024X16-bit data RAM; timer; two serial I/Os; 68-pin 
PLCC. $26 (1000). 

ADSP-2105—13.8 MHz; 55 mA max at 5V; 1kx24-bit 
program RAM; 512x16-bit data RAM; timer; one serial 
I/O; 68-pin PLCC. $9.90 (1000). 

ADSP-2111—20 MHz; 70 mA max at 5V; 2kx24-bit 
program RAM; 1kx 16-bit data RAM; timer; two serial I/O 
ports; host-interface port; 100-pin PQFP. $38 (1000). 

ADSP-2115—20 MHz; 70 mA max at 5V; 1kxX24-bit 
program RAM; 512kx16-bit data RAM; timer; two serial 
I/O ports; 68-pin PLCC. $13.60 (1000). 

ADSP-2161/2/3/4—16 MHz; 42 mA max at 5V (10 
MHz; 20 mA max at 3.3V for 2162 and 2164); 8kx24-bit 
program ROM (4kx24-bit for 2163 and 2164); 0.5kx16- 
bit RAM; timer; two serial I/Os; 68-pin PLCC. The 2161 
or 2162, $15.81 (10,000); 2163 or 2164, $9 (10,000). 

ADSP-2165/6—25 MHz; 60 mA max at 5V (16 MHz; 
24 mA max at 3.3V for 2166); 12kx24-bit program ROM; 
1kx24-bit program RAM; 4kx16-bit data RAM; timer; 
two serial I/Os; 80-pin PQFP. $25 (10,000). 

ADSP-2171/2/3—33 MHz; 76 mA max at 5V (20 MHz; 
26 mA max at 3.3V for 2173); 8kx24-bit program ROM 
(2172); 2kx24-bit program RAM; 2kx 16-bit data RAM; 8- 
or 16-bit host interface; two serial I/O ports; 128-pin PQFP 
and TQFP. $23 (10,000). 

ADSP-2181/3—33 MHz; 76 mA max at 5V (33 MHz; 
27 mA max at 3.3V for 2183); 16kx24-bit program RAM; 
16kx 16-bit data RAM; timer; two serial I/O ports; 16-bit 
internal DMA port to access on-chip memory; 8-bit DMA 
port to byte memory for program and data-memory trans- 
fers; 128-pin PQFP and TQFP. $38/$44 (1000). 

ADSP-21mps58/9—26 MHz; 95 mA max at 5V; 
2kx 24-bit program RAM (additional 4kx24-bit program 
ROM for 21mps59); 2kx 16-bit data RAM; timer; two ser- 
ial ports; host-interface port; 16-bit ADC and DAC; 100- 
pin TQFP. $26 (10,000). 


See ne 


HARDWARE. Evaluation boards are available for most | SOFTWARE. Analog Devices supplies an ANSI C com- 
ADSP processors. ICEs are available for hardware target | piler as well as an assembler, linker, and interactive simula- 


debugging. 





tor. 
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The ADSP-21020, which targets imaging applications, 
meets IEEE-754 floating-point standards. As with earlier AD 
chips, the ADSP-21020 takes advantage of a 48-bit instruc- 
tion word to encode multiple operations per instruction and 
speed hardware decoding. One detraction, however, is that 
the large instruction word adds to system cost. 
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Like the earlier ADSP-2100 16-bit DSPs, the 21020 has no 
on-chip program or data memory. Instead, the CPU is opti- 
mized for executing instructions from a 32-word on-chip 
cache. The chip also has two external buses with program- 
mable wait states: a 48-bit instruction bus and a 40-bit data 
bus with 24 and 32 bits of addressing, respectively. The 32- 
bit 21020 achieves single-cycle MAC execution by executing 
the inner-loop instructions from its on-chip cache and bring- 
ing in the coefficients and data from external memory. 

The ADSP-21020 features a Harvard architecture with sep- 
arate buses for code and data. The buses do not multiplex 
address information with data or code. Hardware has two 
address generators to access X-, Y-memory data. Each address 
generator supports up to four loops with three registers each, 
which define the end, length, and access address. The ADSP- 
21020 uses program memory as one of the data memories 
needed for series evaluation. The program bus and memory 
provide the X-data-memory values, which combine with the 
Y-data-memory values for MAC and ALU operations. 
Although they target high-throughput math processing, 
AD’s DSP processors also have surprisingly sophisticated 
CPU features. For example, most instructions have condi- 






tional execution—they use a preliminary condition test and, 
if true, then execute the main instruction. 

Unlike the early DSP designs, the ADSP-21020 is not a min- 
imal-register, accumulator-based design. Operations center 
around a 32X40-bit, multiported register file that holds mul- 
tiple accumulators and registers. For fast context switching, 
two 16-register segments shadow the register file. The regis- 
ter file serves as the link between the two main buses and the 
three computational units. The buses pump data into the 
register file, which unloads to supply input data to the com- 
putational units. Ten ports link the computational units and 
the data and program buses to the register file. 

The ADSP-21020’s three computational units comprise a 
floating-point multiplier and fixed-point accumulator, a 32- 
bit barrel shifter, and a floating- and fixed-point ALU. Each 
unit is fed from the common register file and returns results 
to the register file. The three units can operate in parallel, 
each accessing inputs from and returning results to the reg- 
ister file. Operations are concurrent, unless a conflict results, 
such as when two units access the same register. Each func- 
tional unit executes in a single clock cycle. The ALU flag reg- 
ister holds the results of up to eight ALU compare operations. 
You can use the accumulated compare flags to implement 2- 
and 3-D graphical clipping operations. 

Addressing modes—Immediate, indexed, bit-reversed, 
circular modulo, register direct and indirect addressing 
(must use indirect for off-chip memory access). 

Special instructions—Bit manipulation, division itera- 
tion, reciprocal of square root seed, conditional subroutine 
call, single and block repeat with zero overhead looping, 
fixed- and floating-point compare, conditional execution. 
The ADSP-21020 supports IEEE-754 32-bit single-precision 
floating-point (23-bit data, 8-bit exponent, and sign bit); it 
can also use 32-bit fixed-point formats, fractional, and inte- 
ger (2’s-complement or unsigned). The PC stack is 20 levels 
deep. The program sequencer’s count and loop stacks are six 
levels deep and support six levels of interrupt nesting. 






VARIATIONS. 

ADSP-21020—33 MHz; 500 mA max at 5V; 32-bit 
timer; no serial ports or DMA; four programmable I/O 
pins; 223-pin PGA. $124 (1000). 


SUPPORT 





HARDWARE. Analog Devices sells a full-speed ICE and ! 
an evaluation board. Third-party tools are also available. ! 
Contact the company for references. The ADSP-21020 ! 
includes JTAG support. 
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SOFTWARE. Analog Devices provides a tool set that 
includes an ANSI C compiler, C compiler with numerical C 
extensions for math and floating-point applications, source- 
level debugger, assembler/linker, simulator, application 
libraries, and PROM splitter. Third-party tools include the 
Spox real-time OS, filter-design packages, and a graphical 
application-development package. 

































GaAs 


SWITCHES 


$ 
DC-2GHz Immediate Delivery ton oy 








Finally! A line of SPDT absorptive, reflective and transfer switches that 
appeals to your technical side, and business side as well! It’s 
Mini-Circuits GaAs switches...providing outstanding performance 
features such as very high isolation (up to 60dB), superfast Snsec 
Switching speed and excellent compatibility with surface mount 
soldering techniques. Additionally, the entire series is built 
extremely tough and is immediately available from stock with a 
1 week shipment guarantee. At only $2.95 (aty.10), this 
top-of-the-line value is priced with your bottom line in mind! 
To order, call or Fax Mini-Circuits with your requirements today. 
Mini-Circuits...we’re redefining what VALUE is all about! 


Insertion 1dB In-Out Price 

Freq. Loss® Comp.@ _— lso.@ a. 
Model No. (GHz) dB (max.) dBm (typ.) dB (typ.) (qty.10) 
MSW-2-20 DC-2.0 1.0 +24 34 2.95 
(Reflective) 
MSWA-2-20 DC-2.0 13 +27 40 3.45 
(Absorptive) 
MSWT-4-20 DC-2.0 181X@ +4281X® 30 3.95 
(Transfer) 2.0RX@ +27 RX® 


@ Midband, 500-1000MHz ® Transmit @ Receive 


All Units: SOIC 8pin Package 
wy Actual Size 
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ARCHITECTURE 





The Super Harvard Architecture Computer (SHARC) tar- 
gets communications, speech, sound, graphics, and imaging 


applications. In addition to the features of the ADSP-21020 
32-bit DSP CPU, the ADSP-2106x integrates a large on-chip | 


memory and an I/O controller to offload I/O. This DSP chip 


DSP multiprocessor meshes; two high-speed serial ports and 
a host/parallel port that provides a direct interface to off-chip 


for up to six ADSP-2106x chips in a multiprocessor cluster. 
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The ADSP-2106x’s CPU actually executes using only on- 
chip memory for a range of application code. SHARC con- 


of dual-port RAM that can be combined into 16-, 32-, or 40- 
bit data and 48-bit instructions. This RAM holds large 
chunks of critical code and delivers sustained single-cycle 
memory accesses. 

SHARC includes an I/O controller that executes I/O trans- 
fers in parallel with CPU execution. The I/O controller 
offloads reads and writes between on- and off-chip memo- 


munication ports move data in 4-bit nibbles, transferring up 





| to 1 byte/clock cycle. With six links operating simultane- 


ously, max throughput is 240 Mbytes/sec. 
The CPU, I/O controller, and peripherals interconnect 
through a multibus-crossbar-interconnection unit that 


; allows flexible, nonintrusive transfers between these units. 
has six communication links that enable designers to create ; 


To reduce bottlenecks, the crossbar permits data and instruc- 


- tion fetches from external or internal memory, cache, and 
- I/O from on- or off-chip peripherals all in a single cycle. 
memory, peripherals, a host processor, and bus arbitration - 


The SHARC provides special communication links or 


‘ ports. Fed through the I/O controller, these ports enable 
' designers to create meshes of DSP processors. (Each proces- 


sor in the mesh is defined by point-to-point connections 
| between DSP ports.) The on-chip I/O controller sets up, runs, 
| and responds to these ports. Transfers pass through the I/O 
| ports to and from internal memory. The I/O controller sep- 


; arates these transfers from mainstream DSP. 


SHARC has a parallel port that serves as a direct interface 


- to off-chip memory, peripherals, or a host processor. Up to 
- six ADSP-2106x chips can share this bus with a common sys- 
- tem processor; the bus implementation includes arbitration. 
: The ADSP-2106x supports page-mode DRAM and fast SRAM 
' external memory. SHARC’s address space is unified using a 


single 32-bit address bus and a single 32- or 48-bit data bus. 
For a 40-MHz clock, the chip requires a 15-nsec access time 
for zero-wait-state memory. The special host interface sup- 


| ports both 16- and 32-bit Ps, as well as system buses, such 
; as ISA and PCI. This host is treated as a memory-mapped 
; device, with direct writes or reads to internal memory. 


Addressing modes—Immediate, indexed, bit-reversed, 


- circular modulo, register direct and indirect addressing 
- (must use indirect for off-chip memory access). 
tains a 512-kbyte on-chip memory organized into two banks - 


Special instructions—Bit manipulation, division itera- 


' tion, reciprocal of square root seed, conditional subroutine 
| call, single and block repeat with zero overhead looping, 
| fixed- and floating-point compare, conditional execution. 


SHARC supports IEEE-754 32-bit single-precision floating 


| point (23-bit data, 8-bit exponent, and sign bit) and a 40-bit 
; extended IEEE format for additional accuracy (32-bit data, 8- 
; bit exponent, and sign bit). 

ry—but delays occur when they contend for the same data. ;[____——“—s””~”*~=“‘:;2OUO#;! 
The controller manages 10 DMA channels, transferring data ; 
among internal memory and external peripheral devices and . 
the host, serial, and link ports. All DMA controller operations - 
are zero-overhead data transfers that generally do not inter- ! 
rupt or delay core thread execution. The synchronous serial ! 
ports can deliver transfer rates up to 40 Mbps; the six com- |! 


162—40 MHz; 720/680 mA max at | 

; 4-/2-N ted SRAM; 32-bit timer; 10 DMA | 

hone host-processor interface; six link ports for point- 
to-point connectivity and array multiprocessing; two syn- 
chronous serial ports; 240-pin PQFP. $250/$164 (10, ee 








HARDWARE. Analog Devices sells an ICE, which is a full- 
speed, nonintrusive, JTAG-based emulator that uses the ADSP- 
2106x built-in debugging capability. It runs under Microsoft 
Windows and supports debugging for multiple processor sys- 
tems. Also available is the EZ-Lab Development System, a PC 
plug-in card for multiple 2106x processors. The ADSP-2106x 
includes JTAG support. Third-party products include PC and 
VME multiprocessor cards and operating systems. 


50 = EDN MAy 11, 1995 





SOFTWARE. Analog Devices supplies a C compiler that 
has full support for Numerical C, which extends vector- and 
matrix-processing capabilities for signal processing. Other 
tools include an assembler/linker, a simulator, application 
libraries, a PROM splitter, and a C source-level debugger. 








2.5KHz-8GHz AMPLIFIERS 


(3 Piece Set) 











Expand laboratory capabilities and put a full spectrum of power 
at your fingertios with Mini-Circuits 2.5KHz to 8GHz medium 
power amplifier set. Each ultra-wideband set contains three 
individual heat sinked RF amplifiers with at least +20dBm output 
and overlapping frequency response range capabilities ; 2.5KHz 
to SOOMHz, 10MHZz to 4.2GHz and 2GHz to 8GHZz. Applications 
(Set of 3 1-9 qty.) for these amplifiers include increasing the signal levels to power 
+20dBm Power Output, 20dB Gain meters, spectrum analyzers, frequency counters and network 
analyzers as well as boosting signal generator outputs. 






_ Power Output, | DC Power Indiv. You can buy these amplifiers individually at Mini-Circuits already 
Freq. Gain dBm@1dB- Volt Current Conn. Price ($) low or the full t t for th ; 
MCE haa! yO Compressor ec | mA. Tomctretty) Ww prices, or own the full spectrum set for the money saving 
ZHL-6A 0025-50021 +23 +24 360 BNC 199 pice of only $1095 (1-9 aly.) ! To order from stock with a guarantee 
ZHL-1042J 10-4200 25 +20 +15 330 SMA = 495 to ship within one week, call Mini-Circuits today ! F 
ZRON-8G 2000-8000 20 +20 +15 310 SMA = 495 
Set of 3 Amplifiers # KZHL-318: $1095 (1-9 aty.) Mini-Circuits...we’re redefining what VALUE is all about! 
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| WHAT'S IN A NAME? 


This device’s High-Density Complementary Metal Oxide 
(HCMOS) manufacturing process provides speed, low power 


consumption and a wide variety of operating voltage ranges. 


—— 





ee 


The number that got things rolling. Motorola’s industry 


standard, microcontroller/microprocessor family architecture. 


Meeting customer needs is the 
name of the game for Motorola's 
Customer-Specified Integrated 
Circuit (CSIC) design methodology. 

Our new 8-bit OTP device, the 
68HC705JIA, is a prime example. 

The 68HC705JIA has it all. Code 
security, keyboard interrupt, a 
Computer Operating Properly 
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When you seek an EPROM device with 
One Time Programmable (OTP) memory 
technology, 7 is your lucky number. The 
OTP emulates the ROM version. 


(COP) watchdog system, and a price 
of less than $1.00 when ordered in 
high volume. 

There's even a 68HC705JIA 
development kit to get you started. 
Introductory-priced at $99*. And 
available only at your local distrib- 
utor. Plus, as an extra incentive, we re 
having a customer design contest that 


The first device in the J-series. A proven low cost and low power consuming solution in a 20-pin 
package with 14 bi-directional I/O lines, 1.2K bytes of EPROM and 64 bytes of RAM. This one’s 
enhanced CPU core has a 15-stage multifunctional timer. A real winner for 8-bit applications. 


pet acme es 








{J _______| 


A 68HC05 family member, a.k.a. the world’s most popular 


line of 8-bit microcontrollers, with more than 180 versions. 


gives you an opportunity to be award- 
ed a brand new Ford Explorer™ 
The versatile 68HC705JIA. The 
perfect device for logic and 
mechanical replacement in indus- 
trial, communications, computer, 
automotive applications, and more. 


And remember, for all your micro- - 


controller needs, we offer more than 





ee 


Loaded with special “Grade A” enhancements, 
including outputs that directly drive LEDs, and 


software programmable pulldowns on all I/O pins. 


180 CSIC-based 68HC05 solutions. 
Or well design a custom derivative 
to meet the specific needs of your 
high-volume design. Quickly. 
Efficiently. And cost-effectively. 

World-class microcontroller 
solutions. By any other name, 
they're just not Motorola. 

To reserve your development kit 


and to receive an entry form, rules 
and details about the design contest, 
contact your local Motorola 
distributor. Or for more 
information on the 68HC705JIA, 
contact us at 1-800-765-7795, ext. 
813 or by FAX at 1-800-765-9753, or 
write us at P.O. Box 13206, Austin, 
Texas 78711-9855. 


The world’s leading 8-bit solutions. 


*Suggested price. **Actual prize awarded will be a 1996 Eddie Bauer model with preferred equipment package. Motorola and Ford Motor Co 


(A) MOTOROLA 


See contest rules and entry form for details. ®) and Motorola are registered trademarks of Motorola, Inc. ©1995 Motorola, Inc. 





mpany employees, contest judges and their families are not eligible. Contest void where prohibited or restricted by law. 





ARCHITECTURE 





The DSP16xx family has a core MAC unit, multiple on- | 


chip memories, a small instruction cache, dual address gen- 


erators, and multiple buses to move data in parallel. For fast | 
inner-loop processing, an inner-loop code block is loaded 
under program control into a 15-instruction cache, and the ; 


on-chip X and Y memories supply the coefficients and data 
to drive MAC execution. 


processing. The DSP defines two 64k-word address spaces, 
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one for program/coefficients and one for data. Both X and Y | 
buses connect to the same dual-port RAM. If references to | 
both ports of a single bank occur simultaneously, the chip | 
incurs a one-instruction-cycle penalty and performs data ; 


access first. Memory writes always take two cycles. 


The DSP has two address-generation arithmetic units: ; 
XAAU and YAAU. These units have their own internal adders - 
and registers to hold address values and offsets. The XAAU : 
has a 12-bit adder, 12-bit static offset register, and four 16-bit ! 
pointer registers. The YAAU has eight static registers and an ! 


adder. Programmers can access XAAU and YAAU registers. 


The main execution unit is the data arithmetic unit, which | 
has a 16X 16-bit multiplier and a 36-bit ALU/shifter (4 guard | 
bits) with two accumulators. The multiplier and adder oper- | 
ate in parallel, and multiplier inputs and outputs are regis- | 


tered. A full MAC execution is pipelined. In the first stage, 


the registered inputs drive the multiplier, which outputs a ; 
32-bit result. The MAC can shift the multiply result before - 
running it through the ALU/shifter and into one of the accu- - 
mulators. The DSP16xx uses fixed-point, 2’s-complement : 
arithmetic throughout. The bit-manipulation unit has a 36- ! 
bit barrel shifter, two 36-bit accumulators, and four general- ! 


purpose 16-bit registers. 


SUPPORT 





HARDWARE. ATST supplies a hardware-development ; 
system with an ICE pod. Evaluation and demo boards are also ; 
available. The DSP16xxs have a JTAG test/emulation port for - 


chip test and in-circuit debugging. 


SOFTWARE. ATST sells software-development tools, 


including a C compiler, assembler/linker, debugger, simula- ! 


tor, and application library. 
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Addressing modes—Register and memory direct, register 
indirect, immediate; no bit-reversed addressing. 

Special instructions—Single/block instruction hardware 
looping; conditional subroutine call; compare; compound 
addressing; exponent detection; bit-field extract and replace; 


- no rotate instructions. The DSP16xx lacks a hardware stack, 
- complicating subroutine and interrupt nesting. 

The DSP16xx uses three internal buses to move instruc- -: 
tions, coefficients, and data in parallel for high-throughput : 


VARIATIONS. 


DSP16A—40 MHz at SV (25 MHz at 3.3V); up to 32- | 
kbyte ROM; up to 3-kbyte RAM; serial and parallel 1/O | 
ports with multiprocessor capability; 84-pin PLCC or | 


PQFP. $15 and $16 (10,000). 


DSP1604/06—40 MH7; 100 mA typ at 5V (33 MHz; 38 | 
mA typ at 3.3V); 16/24k-word ROM; 1/2k-word dual-port | 


RAM; three 8-bit I/O ports; DRAM controller; JTAG inter- 
face; serial I/O ports with optional dual-channel mode; 


dual crystal oscillator; two timers; low-power modes; 80- 


pin MQEP, 84-pin PLCC, 100-pin TQEP. $10 to $15. 
DSP1605—40 MHz; 100 mA typ at 5V; 16k-word ROM; 


1k-word dual-port RAM; 8-bit I/O ports; 8-bit parallel host | 


interface; DRAM controller; serial I/O ports with option- / 


al dual-channel mode; two timers; dual crystal oscillator; 
low-power modes; 68-pin PLCC. $10. 


DSP1610—40 MHz (2x clock option); 130 mA typ at | 


5V; 512-word boot ROM; 4k- or 8k-word dual-port RAM; 


sleep mode; bit-manipulation and barrel-shifter unit : 
(BMU); two serial I/O ports; JTAG port; 16-bit timer; four | 


external interrupts; JTAG interface; 132-pin PQFP. $57. 


DSP1611—100 MHz; 85 mA typ at SV (26 MHz; 32 mA | 
2k-word boot ROM; 124k-word dual-port | 
RAM; two serial I/O ports; JTAG port; low-power modes; | 
bit-manipulation and barrel-shifter unit (BMU); timer; | 
two external interrupts; 8-bit parallel host and control I/O | 


typ at 2.7): 


interfaces; 100-pin PQFP/TQFP. $61. 


DSP1617—5S0 MHz; 100 mA typ at 5V (30 MHz; 32 mA : 
typ at 2.7V); 24k-word ROM; 4k-word dual-port RAM; two | 
serial I/O ports; power-management modes; 5/3/2.7V | 


operation; mask-programmable clock (internal 1 or 2x); 


8-bit host and control I/O interfaces; bit/shift unit; JTAG - 


port; 100-pin PQFP/TQFP. $39. 


DSP1618—S0 MHz; 75 mA typ at SV (30 MHz; 34 mA 5 
typ at 2.7V); 16k-word ROM (or 12k-word flash); 4k-word | 
dual-port RAM; two serial I/O ports; power-management | 


modes; 5/3/2.7V operation; mask-programmable clock | 


(internal 1 or 2X); 8-bit host and control I/O interfaces; 
bit/shift unit; JTAG port; 100-pin PQFP/TQFP. $49. 


DSP1616X30—50 MHz; 100 mA typ at SV (30 MHz; 32 


mA typ at 2.7V); 12k-word ROM or flash; 4k-word dual- 


port RAM; two serial I/O ports; power-management | 
modes; 5/3/2.7V operation; mask-programmable clock | 
8-bit host and control I/O interfaces; | 


(internal 1 or 2X); 
bit/shift unit; JTAG port; 100-pin PQFP/TQEFP. $25. 


DSP1627—70 MHz; 98 mA typ at 5V (SO MHz; 39 mA | 
typ at 2.7V); 32k-word ROM; 6k-word dual-port RAM; two | 
serial I/O ports; power-management modes (hardware | 
stop=50 pA); mask-programmable clock (internal 1 or | 


2X); 8-bit host and control I/O interfaces; bit/shift unit; 
JTAG port; 100-pin PQFP/TQFP. $45 (10,000). 
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tion and automatic color TV degaussing. Call 
fora catalog 708/843-7500, 
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tri-voltaphobia an abnormal fear of having to 
decide when to move from 5 volts to 3.3 volts. 
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(We can help. Call us.) 


CIRCLE NO. 162 


We know what you're going through. But 
you really shouldn't be afraid. Because our 
Universal PCI series gate arrays support both 
5 and 3.3-volt devices, by sensing voltage and 
then setting the appropriate signaling level. 

So when you do move to 3.3 volts, you can 
use the same design. Even in multiple system 
architectures. That way, you won't have to 
spend a lot of time in redesign. 

You can also use these ASICs as a 
universal interface for processors or memory. 
Or even for a PCMCIA/CardBus. And we 
have a full line of ASICs. So it’s easy to port 
from one of our products to another as voltage 
or speed requirements change. 

And with our global fabrication network, 
including our facility in Roseville, California, 
you'll have access to our tremendous 
manufacturing capacity. 

Just call NEC Electronics Inc. at 1-800- 
366-9782 and ask for info pack #630. And 
we'll get through this together. 


NEC 








ARCHITECTURE 


The DSP32C is targeted for general-purpose DSP applica- 
tions. The DSP32xx family, based on the DSP32C, is tailored 
for PC multimedia, telecommunications, and graphics appli- 
cations. Instead of relying solely on on-chip memory, the 
DSP32xx has an on-chip DRAM controller for interfacing to 
paged-mode DRAM. This interface allows the DSP to share the 
motherboard’s system memory instead of requiring expensive 
local SRAM for holding code and data. Additionally, the 
DSP32xx reduces motherboard design-in costs by directly sup- 
porting standard yP buses, such as the 680x0 and 80x86 buses. 
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The DSP32C/32XX has a unique architecture: Rather than 
using multiple buses to move the instructions and data need- 
ed for a single cycle, the DSP’s modified Von Neumann archi- 
tecture handles up to four sequential operations per cycle. 
The DSP can access up to four 512X32-bit RAM blocks and 
can drive two core functional units. The CPU has three 
pipeline stages. Each stage takes four external clocks but per- 
forms multiple sequential operations in a given cycle. 

The first core functional unit is the data arithmetic unit 
(DAU), which has a 32X32- to 45-bit floating-point, dedicat- 
ed, single-cycle MAC unit with four 40-bit accumulators. 
Only the DSP32xx has a barrel shifter. The second unit is the 
control arithmetic unit (CAU), which has an integer 16/24- 
bit ALU and 22 24-bit addressing registers that handle both 
program and data addressing. (The DSP32xx ALU is 32 bits 
wide.) The CAU also functions as the address-generation unit 
when the DSPs are executing a floating-point instruction. 

The CAU can generate up to four addresses/cycle, one for 
each phase or state of an instruction cycle: an instruction 
fetch, two operand (X,Y) fetches, and a memory write. The 
DAU is pipelined; it has a four-stage pipeline for a MAC cycle. 
Thus, the results from a MAC cycle initiated by instruction 
1 will be available when instruction 5 starts its first cycle, that 
is, the fifth cycle from the start of the MAC instruction. The 
CAU runs in parallel with the DAU; it executes addressing 
operations as well as control, data-move, and integer ALU 
operations. The CAU does not include a multiplier; therefore, 
the DAU must perform integer multiplication and convert 
results back to integer. 

The DSP32xx has two 1k-word, on-chip RAM blocks, 


OTHER 





HARDWARE. ATST supplies a development board and 
an ICE. The DSP32C/DSP32xx devices do not support JTAG. 
Contact AT&T for references. 


ff 





SUPPORT 


| which can hold data or code, and a small boot ROM. AT&T 
| designed the Visible Cache Operating System (VCOS) in con- 
| junction with the DSP32xx. A minimal OS, the kernel is only 
; 400 bytes. The VCOS kernel resides in on-chip memory along 
| with critical instructions and data. The operating system 
; helps cut costs by letting the DSP32xx use motherboard 
; main memory for caching instructions and data and for 
external storage. 

- An integrated, two-channel DMA controller (not the 
DSP3207) moves data between memory and the 
| DSP32C/32xx’s serial 1/O buffer. The DMA controller can 
| access internal and external memory. It uses cycle stealing to 
| move data and does not disturb the CPU’s execution thread. 
| The controller can be restricted to request DMA cycles only 
| when the DSP32C/32xx processor has ownership of the 
i shared external bus. This strategy ensures that DMA opera- 
; tions won’t incur the overhead of bus-master requests. 

; Addressing modes—Immediate, memory direct, register 
direct, register indirect, bit reversed (on the DSP32xx, this is 
done by using add-carry reverse instruction), PC relative. 
Indexing is available, as are postincrement and decrement 
: options for register-indirect addressing. 

| Special instructions—Single and block repeat without 
| nesting capability and noninterruptible (DSP32xx is inter- 
| ruptible), limited bit manipulation, conditionally executed 
| integer arithmetic, integer compare, conversion to IEEE for- 
| mat; go-to loop with counter, and reciprocal of Y seed. A spe- 
i cial multiply-accumulate multiplies two operands from 
| memory, accumulates the product with a value in an accu- 
; mulator, places results in accumulator, and copies one of the 
; Operands to a memory location. The processors do not have 
; a dedicated hardware stack. 

| 

. 

! 

: 

| 

: 






















VARIATIONS. , 

DSP32C—50 MHz; 225 mA typ at 5V; 1024x32-bit 
RAM; 4kx32-bit ROM; 24-bit external addressing; pro- 
grammable wait states (0 to 3); two DMA channels; syn- 
chronous serial port, 16-bit parallel port; no timer; 133- 
pin PGA/164-pin BQFP (bumpered quad flatpack). 
$70/$57 (10,000). 

DSP3207—55/66 MHz; 150/282 mA typ at 3.3V; 
2kX 32-bit RAM; 256X32-bit boot ROM; 32-bit external 
addressing; programmable wait states (0 to 3); two DMA 
channels; 32-bit timer; general-purpose, 8-bit I/O port; 
132-pin BQFP. $37/$42 (25,000). 

DSP3210—55/66 MHz; 220/285 mA typ at SV; 2kx32- 
bit RAM; 256X32-bit boot ROM; 32-bit external address- 
ing; programmable wait states (0 to 3); two DMA chan- 
nels; 32-bit timer; synchronous serial port, 16-bit parallel 
port; general-purpose, 8-bit I/O port; 132-pin BQFP. $42 
(10,000) 






| SOFTWARE. ATST sells development tools that include 
| a C compiler, assembler/linker, simulator, the VCOS operat- 
| ing system, and a library of multimedia functions. 


EDN MAy 11, 1995 = 59 


oa 


ARCHITECTURE 





DSP Group developed its own 16-bit DSP core architecture, ! step division, and rounding. The BMU has a 36-bit barrel 
the Oak DSPCore, and licenses it to developers. Oak is DSP ! shifter, a bit-field-operation unit, and two additional 36-bit 
Group’s second-generation core, following the Pine core cur- | accumulators. The accumulators can rapidly switch context 
rently available at a number of ASIC vendors. In high volume, | between the two sets of accumulators, including the shadow 
Oak- and Pine-based ASICs can cost less than $10 each. These ; registers; the accumulators can also evaluate 36-bit expo- 
DSP processors are standard cells in many vendors’ ASIC ; nents. A saturation unit monitors transfers from the accu- 
libraries. Engineers can make do with the minimal core or, by ; mulators to 16-bit registers or memory and optionally satu- 
adding more memory, peripherals, interrupt logic, and cus- ; rates out-of-range values. 
tom logic sections, expand the architecture for higher pro- ; a an nde fs three pguse eel Ser ¥ Siena data 
o the unit from core X an ata s while the pro- 
gram-control unit (PCU) fetches a new instruction from on- 
chip ROM or RAM. The X data bus also serves as the main 
CPU data bus by linking the two data RAMs, status register, 
PCU, and a set of general-purpose registers. 

The DAAU generates X and Y memory addresses for each 
MAC cycle and does postoperation modification on the 
pointers, including modulo addressing. It has nine 16-bit 
pointer registers for addressing. The core has four general- 
purpose 16-bit registers, including a top-of-stack pointer that 
references the top of the current software stack for interrupt 
or subroutine-processing calls. You can define four addition- 
al general-purpose registers that are on the chip but not part 
of the DSP core. These registers can be handy for application- 
specific hardware. 

Oak supports DMA operation, downloading capabilities 
from data memory space to program memory space, an auto- 
matic boot procedure, and support for two 64k-word address 
spaces: The X and Y data space and the program space. The 
cessing efficiencies. At the system level, the chip consists of a ; X RAM space can be in both internal and external memory; 
16-bit DSP core with links to on-chip program ROM, data ; the Y RAM space is in core internal memory only. The X and 
RAM, and a bus-interface unit. The cores use double-metal 3 Y memories can be expanded internally in the core to 2k 
CMOS technology. Pine is available in 1.0-, 0.8-, and 0.6-~m ; words, but only the X memory expands externally to 62k 
processes; Oak is available in a 0.6-4.m process. Both DSPs have | words. This potentially limits the performance of certain 
built-in power-management features to cut power dissipation, - applications that require simultaneous access of both X and 
including 2.7V parts to reduce power consumption further. ! Y memory. The off-core program memory can expand to 64k 

Pine has two data buses and one program bus, two RAM ! words. Oak has a built-in 16 bit loop acta for repeating 
data blocks for X and Y memory, a data-arithmetic-address | instructions or instruction blocks up to 64k times. A repeat 
generator unit (DAAU), and a MAC unit. Oak expands on | instruction can be nested in a loop block, with up to four lev- 
Pine by adding a bit-manipulation unit (BMU), software | els of block nesting. Oak adds a hardware stack that replaces 
stack, program-control unit, four optional general-purpose j Pine’s software stack; the optional general-purpose registers 
registers, an additional external interrupt, an expanded ; expand to eight. 
instruction set, and a special on-chip-emulation module ; Addressing modes—direct, register indirect, relative, and 
Serrky sca provides trace and breakpoint capabilities for i as cn immediate. é die par 
real-time debugging. : pecial instructions—conditional subroutine call/return 

Oak’s MAC unit has two 16-bit input registers. The MAC from a subroutine, repeat, division step, bit field test (Oak 
unit takes in two 16-bit numbers, signed or unsigned, and : only), compare, square, accumulate/subtract previous prod- 
delivers a 32-bit 2’s-complement product in one cycle. The | uct, move data/program memory, modify accumulator con- 
product is then sign-extended to 36 bits through 4 guard bits. ! ditionally, support for double-precision calculations, bit-field 
The ALU performs arithmetic/logical operations on the data | operations, exponent evaluation, context switching, 
operands. It also performs functions such as normalization, | min/max calculation, and automatic boot. 
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SUPPORT 





HARDWARE. psp Group supplies an ICE board and ! SOFTWARE. software tools include an assembler/linker, 
evaluation/development board and on-chip-emulation capa- | loader, simulator and debugger, a C compiler, and the ASSYST 
bilities; the company also sells a bond-out chip for emulation ! simulator, which enables users to map their customized logic 
and debugging. | into the tools. All tools run under MS-Windows. 
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We won't accept 
second best... 
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Alistair Kelly, Managing Director of D2D receiving 
European Quality Award from Jacques Delors, 
President of the European Commission. 
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D2D, a $450m company, provides a total electronics 
manufacturing service from Design to Distribution. 
Our goal is not just to meet our customers requirements 


but to exceed their expectations. 


Design to Distribution Ltd. 
Westfields House, West Avenue, Kidsgrove, Stoke-on-Trent, Staffs ST7 1TL. England. 
Tel: +44 (0)1782 771000. Fax: +44 (0)1782 784210. : 
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Design to Distribution Limited. Registered in England no 2870691. Registered Office: 1 High Street, Putney, London SW15 1SW. ALL REGISTERED TRADEMARKS ACKNOWLEDGED 











PA85 Wideband 450V Power 
Amplifier with 1000V/js Slew Rate 
ideal for Electrostatic 

Beam Deflection 


The PA85 MOSFET operational amplifier 
operates on supply rails up to +225V (450V 
rail-to-rail) while providing output currents of 
up to 200mA with no second breakdown 
limitations. The PA85 _ provides _ this 
performance with a SOOkHz power bandwidth 
and 1000V/us slew rate, ideal for electrostatic 
beam deflection circuitry. The PA85M is a 
high-rel, non-compliant military grade version 
for use in aerospace and military applications. 
The PA85M receives static and dynamic testing 
over the full military case temperature range of 
~55°C to +125°C. Other applications include 
deflection amplifiers, high voltage 
instrumentation, piezoelectric drives, and 
programmable power supplies of up to 450V. 

For more information or applications assistance, 
call Apex Microtechnology Corp., Tucson, AZ, 


1-800-862-1015 or FAX 520-888-3329. 
Circle # 26 in US #27 in Europe 





New Monolithic Power Amp 
Rated 5A On 150V Total Supply, 
Priced $17.90 in 10K 


The Apex PA45 combines high output 
performance with high voltage supply operation. 
Capable of 7.5A PEAK, the PA45 operates on 
the widest supply range available for a 
monolithic— +15V to +75V. Other features 
include a 36V/us slew rate, 85W of power 
dissipation, programmable current limiting, 
thermal protection and external compensation for 
flexibility in selecting optimum gain and 
bandwidth. Typical applications: reverse motor 
and reactive load, thanks to a MOSFET output 
stage which provides freedom from second 
breakdown, motor drive and magnetic deflection 
coil. 

For more information or applications 


Industry's Highest 
Voltage IC Power 
Amplifier 


The PA89 


breakdown limitations 


external resistor. 
specifications 
quiescent current. 
applications: 


is a MOSFET 
amplifier designed for supply 
voltages up to +600V (1200V 
rail-to-rail). Output current is 
rated at 75mA with no second 
and 
current limit can be set with an 
Other 
include 3kHz 
power bandwidth and 6mA 
Typical 
piezo motors, 


TRANSDUCER 


PAS9 





scanning tunneling microscopes, lasers, biomedical, and electroluminescent display drives. 
For more information or applications assistance, call Apex Microtechnology Corp., 
Tucson, AZ, 1-800-862-1015 or FAX 520-888-3329 Circle # 28 in US # 29 in Europe 


| prEX PA42 § 
tech 9417 











For Immediate 

Product Information 
Call 1-800-862-1015 
or FAX (520) 888-3329 


Apex Microtechnology Corporation, 5980 N. Shannon Road, Tucson AZ 85741-5230 


= PeEX PA26 
itech 9429 


© High Output Current—2.5A 
@: Wide Supply Voltage Range 


—Single Supply (5V to 40V) or 
enn Ep [22.5V tn £20M1. 





Think Apex Microtechnology if 
you re looking for amplifiers that 
deliver big on performance at a 
price you can afford. 

The PA26 puts two 2.5A rated 
power amplifiers on a single die, in a 
single 12-pin inline package. Priced at 
$3.45 in 10K pieces, the PA26 can 
operate off a wide supply range of 5V 
to 40V. The PA42 operates on 100 to 350 volts rail-to-rail with 120mA peak of output 
current. Housed in a 10-pin SIP, the PA42 is priced $17.% in 10K piece quantities. 


Part# Vss Io Vom Vsar PKG 
PA26  5VAOV 2.5Ax2 -Vo~3V 1.8V@1.0A SIP 
PA2IM? 5V40V 2.5Ax2 Vo-3V 3.5V@2A 103’ 
PA42 100V:350V 120mA +V,-12V 10V@40mA SIP! 
PA43 100V350V 120mA +V.-12V 10V@40mA SMT 


$/10K 

$3.45 
$43.85 
$17.90 
$13.60 





: The TO-3 is a hermetic package; the SIP is a nonhermetic package 
: “M” designates hi+el military grade 


Surface Mount and Hi-Rel Grade, 
Hermetic Package Versions Available 

For high speed assembly requirements, Apex’s 
PA43 is housed in a non-hermetic, surface 
mountable dual in-line package. The PA21M is 
housed in a hermetically sealed TO-3 package 
tested over the full military case temp range of 
—55°C to +125°C. 


Free Data Book and Application Notes 

Information on the PA26, PA42, PA21M and 
PA43 is included in the 6th edition Apex 
DC/DC Converters, Power and HV Amplifiers 
data book. Call today for your free copy. 
1-800-862-1015. 


DEDICATED TO EXCELLENCE 





Ask about evaluation boards for 
both the PA26 and PA42. 


For Applications or 
Product Selection 
Assistance Call 
1-800-862-1015 


assistance, call Apex Microtechnology Corp., AUSTRALIA/N.Z. (08) 277 3288 ESPANA (1) 530 4121 NEDERLAND (10) 451 9533 SVERIGE (8) 795 9650 
BELGIUM/LUX (323) 458 3033 


FRANCE (1) 69 86 9289 NORGE (2) 50 06 50 SUOMI [0049] (6172) 488510 
Tucson, AZ, 1-800-862-1015 or FAX 520- CANADA (613) 592 9540 ISRAEL (3) 9345171 OSTERREICH 505 15 220 TURKIYE (1) 337 224 
888-3329 DANMARK (45) 52 24 4888 ITALIA (2) 6640 0153 REP. S. AFRICA (021) 23 4943 UK. (844) YR 

. DEUTSCHLAND (6172) 488510 —_—s INDIA (212) 339836 SCHWEIZ [0049] (6172) 488510 


ee US 2 91 In Europe Circle #32 in US #33 in Europe 
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The Mwave family, targeted strictly for PC-based telepho- 
ny and multimedia applications, features on-chip peripher- 
als for connecting to the ISA bus and a MIDI interface, on- 
chip support for Sound Blaster, and direct control of audio 
and telephony codecs. Current-generation DSPs are not 
intended for embedded or high-speed DSP applications 
(future chips will address these applications). IBM’s Mwave 
can access 64 kbytes of memory (32-kbyte instruction and 
32-kbyte data), and additional memory may be accessed 
using the DSP’s ISA bus and DMA interfaces. 


GLOBAL PROGRAM 
REGISTERS 
(6x16-BIT, 2x32-BiT) 
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the DSP-accessible memories at speeds up to 3 Mbytes/sec. 
The host bus interface also provides Sound Blaster support 
and UART and MPU401 MIDI register decodes. Although the 
current implementation only supports ISA, future versions 
will support PCI to provide higher bandwidth. 

The audio-codec interface supports connection to Crystal 
Semiconductor’s C$4215, CS4216, and CS4218 stereo-audio 
codecs. The telephony codec interfaces connect to TI’s 
TLC32046 AIC chips, TCM320AC36 voice-band audio 
processors, and TP3054B y-Law codecs. Depending on the 
set of codecs used, some of the chip I/O can be 
reallocated to provide parallel-port capabilities. 

Addressing modes—Indexed, base, immedi- 
ate, circular modulo, program counter relative. 

Special instructions—Bit manipulation, log 
base 2, many types of compare instructions. 
Mwave does not support conditional execution or 
hardware looping for single and block repeat; it 
also has no hardware stack. 


BLASTER 


PROGRAM 
CONTROL 


POWER 
MANAGEMENT 


32-BIT ALU 
32-BIT SHIFTER 


16x16-BIT 
MULTIPLIER 


PRODUCT 


Mwave’s core features a three-stage pipeline with a 16x 16- 
bit multiplier, a 32-bit accumulator, a 32-bit ALU, and a 32- 
bit barrel shifter. Although the processor lacks guard bits, it 
performs saturation, rounding, and single-cycle min/max 
functions. Mwave has eight general-purpose registers, 
including two 32-bit accumulators that allow concurrent 
operation on two data points. The two accumulators may be 
employed to calculate two results per loop iteration, making 
double use of a single coefficient fetch. Using a Harvard 
architecture, Mwave’s separate program and data memory 
spaces are accessed via 24- and 16-bit-wide buses, respec- 
tively. 

The host-bus interface features a DMA bus master, which 
allows the DSP to bring a segment of PC system memory into 





a * a 1 me ee ee ee 6 ee ee 


SIO-TELE 


SIO-TELE 


cc: SIO-AUDIO 


VARIATIONS. 
~ MDSP2780—25 MHz; 126 mA max at 3.3V; timer; 
power management; PLLs create 17-, 20-, and 25-MHz 
clocks; 240-pin QFP. $24.60 (10,000). 


SUPPORT 


HARDWARE. IBM Mwave provides a reference design 
kit for qualified accounts that includes a prototype adapter 
card, system software, design specifications, and Windows- 
based application examples. Mwave’s lack of a JTAG port is 
not critical because the PC is used as the development plat- 
form. 


SOFTWARE. IBM sells an Mwave developer’s kit that 
includes an ANSI compiler, assembler, linker, and real-time 
debugger with software oscilloscope signal display for Win- 
dows and OS/2. 


EDN MAy 11, 1995 = 63 




























Motorola’s 16-bit DSP561xx processors build on the basic 
DSP56000 architecture, adding a codec for D/A and A/D 
voice conversions for digital-cellular and voice communica- 
tions. The DSP56156 suits the European cellular standards; 
the DSP56166 suits the emerging American and Japanese 
VSELP standards. 

The DSP561xx delivers single-cycle (two-clock) MAC oper- 
ation and offers hardware support for sum of products and 
vector processing. Like the DSP56000, the DSPS6156/166 is 
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partly an accumulator-based architecture and partly a regis- 
ter-based machine. The core MAC unit has two 40-bit accu- 
mulators (includes eight guard bits) with four 16-bit input 
registers to hold incoming variables and coefficients. The 
input registers must be loaded prior to the MAC instruction. 
You can load the MAC input registers in parallel with the 
MAC operation. When storing results to 16-bit memory, lim- 
iter circuitry optionally saturates the 40-bit accumulator val- 
ues to +1.0. The DSP561xx lacks a barrel shifter. 

The DSP561xx has on-chip program RAM and dual-port- 
ed data RAM; each has its own address and data bus. The 
dual-ported data RAM allows the address generator to deliv- 
er two addresses per pipeline cycle, yielding two data reads 
or one read and one write. The address generator has twelve 
16-bit registers (address, offset, and modification) for sophis- 
ticated addressing and holding interim data values. The 
address-generator registers are accessible via a global data bus 
that links the address-generator registers to external memo- 
ry, peripherals, and a bit-manipulation functional unit. 













The chip’s 16-bit external bus multiplexes between 64- 
kbyte program and data memories. The CPU can perform a 
single access to external memory with no instruction-cycle 
penalty, but when using slower memory, wait states may be 
requested externally or controlled programmably. With a 60- 
MHz external clock and a 30-MHz basic pipeline cycle, a CPU 
memory fetch must take less than 33 nsec for single-cycle 
execution. For MAC processing, portions of the X-memory 
space supply Y-memory values. The DSP561xx has two data- 
memory address buses that fetch data 
from the X-memory RAM and from 
the external memory for Y-memory 
values. 

Addressing modes—Register 
direct, memory direct, register indi- 
rect (postincrement/decrement by 1 
or offset indexed by offset), and imme- 
diate. The address generator also sup- 
ports modulo and _ bit-reversed 
addressing. 

Special instructions—Hardware 
looping with single and block repeat; 
conditionally exit instruction block 
loop, division iteration, double-preci- 
sion multiply step instruction, bit 
manipulation, compare. DSP561xx 
processors have a 15-level hardware 
stack useful for nesting. 






VARIATIONS. - 

DSP56156—60/40 MHz; 188 mA max at SV; 4-kbyte 
program RAM; 4-kbyte data RAM; 128-byte boot ROM; 8- 
bit host processor interface; timer; codec; two serial I/O 
ports; 27 I/O pins; 112-pin CQFP. $46.10/$44.10 (1000). 

DSP56166—60 MHz; 100 mA max at 5V; 4-kbyte pro- 
gram RAM; 8-kbyte data RAM; 128-byte boot ROM; 8-bit 
host-processor interface; timer; codec; two serial I/O 
ports; 25 I/O pins; 112-pin CQFP. $51.21 (1000). 





HARDWARE. Motorola fields the Application Develop- 
ment System with ICE operation using the DSP’s on-chip 
emulation features. The on-chip emulator port lets external 
hardware set breakpoints, single-step, and read/modify 
memory or registers. You can configure the chip to run with 
external RAM for development. Third-party tools are also 
available. Contact Motorola for references. 
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SOFTWARE. Motorola supplies a Gnu C compiler and 
debugger, assembler/linker, and simulator. Third-party ven- 
dors supply data-acquisition and filter-design packages as 


| well as operating-system software. Contact Motorola for ref- 
| erences. 
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itis time 


to switch to graphical 


test programming, 
make sure the 


language you 
choose won't 


force you 





everything you've done 
in the past. 


In a world where the only thing 
constant is change, it’s good to know 
there are certain things you can rely on. 


Like test development. 


Use HP VEE, and enjoy the simplicity 
and ease-of-use you can only get from 
graphical programming. Sure, you'll 
keep the power your code-based lan- 
guage delivers, but you'll program that 
power using handy icons, instead of 
thousands of lines of code. 


We poured every gram of our 50 years 
of test experience into HP VEE. The 


France (1) 69-82-65-00 Germany (06172) 16-1634 Italy (02) 9212-2241 Netherlands (020) 547-6669 


result is a development language in 
which instrument control is complete, 
robust, totally logical, and without any 
limitations. 


Even the type of instrument you can 
control is without limitations — from 
an off-the-shelf vendor-supplied 
instrument to a device you designed. 


Another aspect of HP VEE you'll find 

liberating is that your existing code is 
directly compatible, so you won’t need 
to rewrite routines. You'll also appre- 
ciate how much faster and easier it is 


Spain 900 123-123 Sweden (08) 444-2000 Switzerland (1) 735 7111 U.K. (01344) 366666 









to develop programs that are incredibly 
simple to use — even if you've never 
created test programs before. 


That’s HP VEE: powerful, logical, 
open, and easy to use. And the most 
comfortable way to make a change. 


For more information on HP VEE, 


contact one of the numbers listed below 





There is a better way. 


Kin HEWLETT® 


PACKARD 
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The DSP5S6000 targets audio and other applications that 
take advantage of the larger data size. The processor integrates 
wC buses and architectural concepts with a DSP MAC core and 
X and Y memory blocks. Thus, unlike many early fixed-point 
DSPs, the DSP56000 has a versatile external memory bus, stan- 
dard bit-manipulation capabilities, and the ability to execute 
directly from external memory with single-cycle accesses. The 
chip has no on-chip program ROM, except for a small boot 
ROM on some versions. However, the DSP56000 can access 
external memory each cycle without any time penalties. 
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The DSP56000 isn’t exactly an accumulator-based 
machine. It does have a single-cycle MAC unit, but the unit 
has two 56-bit accumulators (eight guard bits) and is fed by 
two sets of two 24-bit registers. Data have to be loaded into 
the MAC registers before being used; however, the MAC takes 
one cycle (two clocks) for a multiply and an accumulate. 
Other registers include control and addressing registers. The 
control registers are memory-mapped, that is, they are dis- 
crete but are addressed by memory location. 

Like many DSPs, the DSP56000 has two address generators 
that automatically access X and Y memories for MAC cycles. 
Each hardware generator has a 56-bit ALU and three sets of 
four registers: one set of base address registers, one set of off- 
set registers, and one set of modifier registers. The modifier 
registers can specify the type of address-register arithmetic 
operation, or they can hold data. 

The processor combines 16-bit addressing with 24-bit 
words. It has three internal address/data bus pairs: X, Y, and 
program. The three buses allow an instruction fetch and two 
data accesses in a single cycle and, therefore, avoids the need 
for an on-chip cache. A fourth bus, the global data bus, is a 
simple 24-bit logic bus. Any of the internal address and data 
buses can be switched into the external 16-bit address and 
24-bit data bus; external devices can access internal memo- 
ry via a bus request. When the 56000 stores 56-bit values to 


24-bit memory, you can deploy an optional shifter and sat- 
urate the value to +1.0. The DSP56000 supports three 64- 
kbyte address spaces—one each for X, Y, and program mem- 
ory. Unlike many DSPs, the X and Y memories have their 
own address spaces, which include on-chip RAM and ROM 
for the bottom addresses. An internal bus-switch unit han- 
dles transfers between internal buses. The bit-manipulation 
unit performs bit operations on memory values and address, 
control, and data registers. 

Addressing modes—Register direct, memory direct, reg- 
ister indirect, immediate, and bit-reversed. 

Special instructions—DO/EndDO, single or block 
instruction hardware looping, bit manipulation, compare, 
divide iteration, jump if bit clear/set, jump to subroutine con- 
ditionally, move program memory. Logic operations are only 
performed on bits 24 through 47 of the accumulator. For sub- 
routines, interrupts, and hardware DO loops, the 56000 has 
a 15-level stack. 


VARIATIONS. 

DSP56002—40/66 MHz; 90 mA max at 5V; 51224- 
bit program RAM; two 256X 24-bit data RAMs; 64x 24-bit 
boot ROM; two 256X24-bit data ROMs containing sine, 
log,, and 2% tables; 8-bit host-processor interface with 
DMA support; 24-bit timer; PLL; power-saving modes; 
synchronous serial interface; serial communication inter- 
face; 24 1/O pins. In 132-pin PQFP, $29.37/$39.30; in 144- 
pin TQFP, $31.13/$41.06. 

DSP56L002—40 MHz; 50 mA max at 3.3V; 51224-bit 
program RAM; two 256X24-bit data RAMs; 64X24-bit 
boot ROM; two 256X24-bit data ROMs containing sine, | 
A-Law, and p-Law tables; 8-bit host-processor interface 
with DMA support; 24-bit timer; PLL; power-saving | 
modes; synchronous serial interface; serial communica- | 
tion interface; 24 I/O pins. In 132-pin PQFP, $34.37; in 
144-pin TQFP, $36.13. 

DSP56004—50/66 MHz; 90 mA max at 5V; 51224- 
bit program RAM; two 256 24-bit data RAMs; 32x 24-bit 
boot ROM; two 256X24-bit data ROMs containing sine, 
A-Law, and y-Law tables; serial host-processor interface; | 
PLL; power-saving modes; serial audio interface; four gen- | 
eral-purpose I/O pins. In 80-pin PQFP, $25.45/$30.50. |. 

DSP56007—5S0 MHz; 90 mA max at 5V; 6400X24-bit | 
program ROM; 3200 24-bit data RAMs; 5224-bit boot | 
ROM; two 512 24-bit data ROMs containing sine, A-Law, | 
and y-Law tables; serial host-processor interface; 24-bit | 
timer; PLL; power-saving modes; serial audio interface; | 
four I/O pins. In 80-pin PQFP, $38. 





SUPPORT 





HARDWARE. Motorola offers a low-cost DSP56002 eval- |! SOFTWARE. Motorola supplies a Gnu C compiler and 
uation board as well as a 40-MHz application-development | debugger, assembler/linker, and a simulator. Third-party 
system. Third-party hardware tools are available; contact | vendors supply data-acquisition and filter-design packages as 
Motorola for references. The 56000 uses a proprietary debug ! well as operating-system software. Contact Motorola for ref- 


interface (OnCE) in lieu of the standard JTAG interface. 


erences. 


EDN MAy 11, 1995 * 67 








Motorola’s 32-bit DSP96002 has found a home in high- 
end DSP and military sockets. Basically a 32-bit floating- 
point extension of the 24-bit fixed-point DSPS6000, the 
DSP96002 has five major internal buses to speed multiple- 
operation processing. These buses include program-, X-, and 
Y-memory bus sets. They also include a global data bus for 
transferring address and local data and a DMA bus that sup- 
ports two DMA channels. The on-chip DMA controller 
moves data without disrupting the DSP CPU’s instruction 
thread. 
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The DSP96002 also has two 32-bit external bus interfaces 
with separate address and data buses with page-mode DRAM 
support. These external interfaces have built-in multimaster 
capability. Another DSP96002 or a host processor can use a 
bus request to take over the bus and use it to access shared 
external memory or the DSP96002’s internal memory. 

Motorola’s DSP96002 presents a programming model 
nearly identical to that of the earlier 24-bit DSPS6000 fixed- 
point processor. Motorola engineers extended the instruc- 
tion set with floating-point instructions and extended the 
registers (including addressing registers) from 16 to 32 bits. 

The register-based DSP96002 is built around a multiport- 
ed register file of 10 96-bit registers. Similar to the DSP56000, 
the DSP96002 has X and Y RAM and ROM blocks to supply 
the coefficients and variables for sum-of-product MAC cal- 
culations. MAC operations take input data from the register 
file, so, although MAC operations aren’t pipelined, the X, Y 
data accesses must be pipelined to pump data into the regis- 
ter file before the downstream MAC operation uses the data. 

Execution units include a separate multiplier, adder/sub- 
tracter (handles both add and subtract for FFT calculations), 





logic unit, and barrel shifter. These units support integer 
operations as well as floating-point operations with 11-bit 
exponents and 32-bit mantissas. The DSP96002 meets IEEE 
standards for single- and double-precision floating-point rep- 
resentations. 

The DSP96002 essentially has the same address-generation 
unit as the earlier DSP56000. This unit consists of two 
address generators that can operate concurrently. The gener- 
ators each have three sets of four 32-bit registers: address 
(address pointers), offset (offset values), and modify registers. 
These registers are loaded and 
accessed via the global data bus. 
The DSP96002 has a flexible archi- 
tecture; many typically hard- 
wired features are available as pro- 
grammable options that you can 
set up via control registers. For 
example, the DSP chip supports a 
mix of address spaces ranging 
from a single unified address space 
to one that has separate 32-bit 
spaces for X, Y, and program mem- 
ory. 

Addressing modes—Register 
direct, memory direct, register 
indirect (postincrement/decre- 
ment by 1 or offset, indexed by off- 
set), and immediate. The address generator also supports 
modulo and bit-reversed addressing. 

Special instructions—Hardware looping with single and 
block repeat, bit test and change, compare graphics, condi- 
tional subroutine call and branch, convert integer to floating 
point (and vice versa), reciprocal seed, reciprocal square root 
seed. DSP96002 doesn’t support conditional execution 
instructions. For subroutines and interrupts, DSP96002 has 
a 15-word stack. 
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VARIATIONS. 

DSP96002—33.3/40 MHz; 600 mA max at SV; 1- 
kbyteX32-bit program RAM, which can be configured as 
an instruction cache; two 512X32-bit data RAMs; two 
512X32-bit preprogrammed data ROMs containing sine, 
A-Law, and -Law tables; two 8- to 32-bit host ports with 
DMA support; power-saving modes; timer/event counter; 
223-pin PGA. $143/$172. 





SUPPORT 





HARDWARE. Motorola sells the Applications Develop- 
ment Module for evaluating and debugging the DSP96002. 
The module uses the processor’s on-chip emulation support 
to set breakpoints, single-step the CPU, and read/modify 
memory or registers (no JTAG support). You can configure the 
chip to run with external RAM for development. Some third- 
party tools are available; contact Motorola for references. 
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SOFTWARE. Motorola supplies a Gnu C compiler and 
tools as well as an assembler/linker, librarian, application 
library, and behavioral simulator. Third-party tools include 
C and Ada compilers, graphical development systems, filter- 
design software, and real-time operating systems. Contact 
Motorola for references. 
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Component Solutions For Your Power System 
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= Lowest Supply Current (as low as 1mA/Amplifier) 
= Low Voltage Operation (as low as 3V) 

a Outstanding Video Performance 

a Packaged in P-DIP, SO 

a Single, Dual and Quad Versions Available 

= Pricing begins as low as $1.99 in 1K units 





ELANTEC, INC. = 1996 Tarob Court = Milpitas, CA 95035 = (408) 945-1323 = (800) 333-6314 = FAX (408) 945-9305 
e-mail: sales@elantec.com = European Sales: 44-71-482-4596 = FAX: 44-71-267-1026 





Distributed by: Marshall Industries ¢ Nu Horizons e Insight Electronics « Gerber Electronics 


. 70 * EDN MAY 11, a> CIRCLE NO. 166 





ARCHITECTURE 





The 16-bit fixed-point ~PD77C25 has an accumulator- 
based architecture that is built around a pipelined MAC core 
and runs from on-chip program and data memory. The C25 
has 2048 24-bit instruction words and two data blocks to 
hold MAC inputs: 512 bytes of data RAM and 2048 bytes of 
data ROM. Program and data ROM are also available as 
EPROM or OTP memory. The wPD77C25 handles pipelined, 
single-cycle MAC operations with a 16X 16-bit multiply and 
a 16-bit accumulate. 
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The w#PD77C25 can run in stand-alone mode or in con- 
junction with a host processor. It has an 8-bit parallel I/O host 
port for exchanging data or DSP status with a host processor. 
This port can interface with standard wC buses such as the 
8080, 8085, and 8086 and can handle 8-bit or double- 
buffered 16-bit data transfers. The ~»P77C25 also has two ser- 
ial ports, which can interface to serial peripherals such as 
ADCs, DACs, codecs, and other ~PD77C25 DSPs. You can 
configure the serial ports for single- or double-byte transfers. 

NEC’s »PD77C25 has three on-chip memories: one pro- 
gram and one data ROM/EPROM/OTP-memory block as well 
as a data-RAM block. The CPU can fetch two values per cycle 
to fill the multiplier input registers while getting the next 
instruction. The DSP has one 16-bit data bus that links to all 
memories and peripherals. For MAC data fetches, the RAM 
bypasses the data bus and directly feeds one of the MAC 
inputs. The data bus feeds the other MAC input, which pass- 
es data from the data ROM/EPROM/OTP-memory block. 

The MAC unit is pipelined; the multiplier and accumula- 
tor-adder run in parallel. A multiply-accumulate takes two 
clock cycles: one for the 16-bit multiply and another for the 





product to be added to the accumulated result. The multi- 
plier produces a 31-bit signed word, which is held in two 16- 
bit registers (it multiplies the 2’s-complement of two 16-bit 
data words). The result is 30 bits of data and 1 sign bit, which 
is left justified with a O LSB. The 16-bit accumulators require 
two passes for a 31-bit accumulate. The 16-bit-wide adder cir- 
cuit has two 16-bit accumulators; you can keep two 16-bit 
running sums or a 32-bit sum that takes two passes through 
the adder. The multiplier is registered; each input is loaded 
into a register before passing through the unit’s 
Booth multiplier. The resulting products are 
also registered. The ALU has two accumulators; 
an input from one accumulator can shift on its 
way to the ALU. 

The pPD77C25 has a 24-bit instruction word 
and a 16-bit data word. The wider instruction 
word increases CPU execution efficiency. All 
instructions fit into a single instruction word, 
even instructions that carry immediate values. 
This scheme simplifies instruction-decode logic 
and ensures that all instructions (except 
branches) deliver apparent single-cycle execu- 
tion. The instruction ROM has an 11-bit pro- 
gram counter, which automatically increments 
each cycle unless there is a branch, subroutine 
call, or interrupt. Hardware automatically saves 
the PC into a four-level LIFO hardware stack for 
interrupts and subroutine calls. If the CPU 
attempts more than four levels, the bottom value (first value 
stored) will be lost. 

Addressing modes—Simple register-direct addressing. 
Two registers, DP and RP, hold the data RAM and ROM 
addresses. The complex instruction word defines an auto- 
matic increment/decrement for the DP and an automatic 
decrement for the RP pointers. Only 4 bits of the DP can be 
automatically adjusted to create a modulo-16 addressing 
loop. The register pointers can be loaded from the data bus 
and then automatically adjusted for each MAC cycle. 

Special instructions—8-bit exchange, 1's-complement 
the accumulator (no divide instruction). The wPD77C25 
lacks bit-manipulation instructions and hardware looping. 


VARIATIONS. 

wPD77C25—8 MHz; 50 mA max at 5V; 2kx 24-bit pro- 
gram ROM/EPROM/OTP; 512-byte data RAM; 28-pin DIP, 
32-pin SOP, 44-pin PLCC. $8.70 to $12.90 (10,000). 





SUPPORT 





HARDWARE. An evaluation board, the EVAKIT-77C25, ! SOFTWARE. No C compiler is available for the 77C20. 
is available from NEC. It can also function as a limited ICE ! NEC supplies an assembler-linker-loader package, and a 


by plugging directly into the target-system DSP socket. The ! 
evaluation board with an adapter also plugs into standard | 


PROM burners to program versions with EPROM or OTP ! 3 


memory. 


third-party simulator is also available. 
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NEC’s ~PD77017 targets 16-bit digital-cellular, voice, and 
fax-modem applications. The 16-bit fixed-point »#PD77017 
combines a number of architectural features to ensure fast, 
single-cycle MAC execution. These features include three 
internal buses for X and Y data and transfer buses; a MAC 
unit; a barrel shifter; and eight general-purpose 40-bit regis- 
ter/accumulators. The DSP delivers apparent single-cycle 
(pipelined) instruction execution. The MAC unit is 
pipelined, too, and takes one cycle. 
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The pPD77017 has 16-bit data words and 32-bit instruc- 
tion words. It has dual external memory ports—one for 16- 
bit data and one for 32-bit programs—with two distinct 16k- 
word address spaces for data. The 32-bit instruction word 
helps to minimize instruction-decoding logic and to increase 
code efficiency. Memory read/write accesses can take a sin- 
gle cycle, although instruction pipelining may require an 
extra cycle for some instructions. An on-chip wait-state gen- 
erator lets the processor run with slower, less expensive mem- 
ory. The 77017 supports both programmed and externally 
requested wait states. Like many of NEC’s DSPs, the 77017 
has an 8-bit host I/O port, which enables a host ,P to 
exchange data with the DSP. 

The 77017 neatly partitions into two major processor sec- 
tions and a peripheral set. Main sections include the data 
unit and the program unit. The data unit contains X and Y 
memory units, each of which has an address generator, reg- 
ister file, and MAC-execution unit. The program unit con- 
tains the instruction-address unit with built-in loop control, 
interrupt-control logic, program memory, and instruction- 
decode/control logic. A transfer bus links the two main units. 
Each main unit connects to an external data-memory inter- 





face: 14-bit addresses and data for the data unit. 

The data unit’s MAC has three 40-bit parallel subunits: a 
multiplier, an ALU, and a barrel shifter. The MAC unit pro- 
vides eight guard bits, but, because the 77017 does not sup- 
port automatic saturation, results must be program manipu- 
lated to retain accuracy. Unlike many DSP implementations, 
the MAC subunits do not have dedicated input and output 
registers. Instead, the MAC is tightly integrated with a set of 
eight general-purpose registers. The X, Y, and transfer buses 
push data into the general register set; the gen- 
eral register set provides the data to drive the 
individual MAC subunits, which can execute 
concurrently. In effect, the general register set, 
which is basically a multiport register file, 
serves as the interchange that links the data 
side of the processor to the execution side. 

Two 2-word ROM data-memory banks sup- 
ply the X and Y data components for each 
MAC cycle. Each bank has its own address 
generator with a set of four address-pointer 
registers. Each unit also has an index-register 
link to the main data bus. Through this bus, 
code can load and modify the pointer and 
modification registers. Each unit also has a 
modulo register for modulo index addressing. 
A special bit-reverse circuit handles bit- 
reversed addressing for each bank. 

On the program side, the DSP has a 12k- 
word (32-bit) instruction ROM and 256-word instruction 
RAM. The RAM must be loaded directly under program con- 
trol. Additionally, the DSP hardware supports automatic 
looping with a four-level loop stack that lets code nest so it 
can loop under hardware control. 

Addressing modes—Memory direct, register indirect, 
immediate. Hardware supports modulo and bit-reversed 
addressing for each data memory. 

Special instructions—Conditional operations (minimize 
jumps), 1-bit shift-multiply-add, clip result, register-indirect 
subroutine call, register-indirect jump, single and block 
instruction hardware loop, repeat. The 77017 lacks bit- 
manipulation instructions. The DSP has a 15-level hardware 
PC stack that pushes the PC for interrupts and subroutine 
calls. 


VARIATIONS. 
.PD77017—33 MHz; 170 mA max at 3.3V; 12kx32- 


bit program ROM; 256X32-bit program RAM; 8kx 16-bit 
data ROM; 4kx16-bit data RAM; 100-pin TQFP. $32 
(10,000). 





SUPPORT 





HARDWARE. NEC supplies a PC-based plug-in devel- 
77017's on-chip emulation features. The board plugs into the 


PC/AT bus and links to the target board via a six-pin con- 
nector that connects to the 77017's on-chip ICE logic. 
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opment board that offers in-circuit emulation using the 
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SOFTWARE. No C compiler is available for the 77C20. 
NEC supplies an assembler-linker-loader package, and a 
third-party simulator is also available. 
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“6 it, Link it... 


Whe do you do when you need 
to bundle it, organize it, route it, 
position it, or hold it all together? 

Try Thermofit tubing. 

It’s simple to use. Slip it on like 
a sleeve, then heat-shrink it to 
really tighten things down. 

Thermofit tubing is tough and 
versatile. It stands up to sun, 
weather, solvents, hydrocarbons, 
heat and cold, abrasion, and lots of 
other abuse. And depending on the 
type of tubing, it can be either very 
flexible or very stiff. 

It’s also lightweight, low-profile, 
and available in a wide variety of 
sizes, materials, constructions, and 
colors to fit your needs. Including 
tubing with built-in hot-melt adhe- 
sives that grip and seal. 

So why hold off? Call 800-2- 
RAYCHEM today for more informa- 
n about heat-shrink tubing and 
its many uses. Who better to tell 
ou than the company that 
neered it? 


Raychem Corporation 
300 Constitution Drive 
Menlo Park, CA 94025-1164 
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The Universe of high-performance, affordable, embedded system design expands with 
WinSystem's SBCs. Select 386/486 CPUs for standalone use. Or expand with the STD or 
PC/104 Bus. Unparalleled flexibility for space and budget-limited applications requiring 
PC performance and compatibility in harsh or remote environments. 


Call or write for a free Catalog and Poster. 


WinSystems’ 


715 Stadium Drive ¢ Arlington, Texas 76011 ¢ Phone 817/274-7553 © FAX 817/548-1358 
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With its triple-level metal CMOS technology, the D950- 
Core can be embedded as a megafunction in a gate array or 
cell-based device that has a 0.5-ym library containing RAM, 
ROM, and PLAs. By simply adding optional peripherals such 
as an INT controller, DMA controller, bus-switch control 
unit, etc, as well as memory for data and instruction, you can 
customize a powerful application-specific digital-signal 
processor (ASDSP) around the D950-Core. The key to the 
D950-Core’s performance is its high degree of parallelism, 
which allows the D950-Core to simultaneously perform mul- 
ticycle functions along with other processors. 
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The D950-Core’s architecture comprises a data-calcula- 
tion unit (DCU), address-calculation unit (ACU), program- 
control unit (PCU), and an emulation-and-test unit (ET U). 
These units are organized around three bidirectional 16-bit 
buses—two for data and one for instruction. Each bus is ded- 
icated to a unidirectional 16-bit address bus. Data memory 
(up to 128k words of RAM and ROM) and registers map on 
to the external data buses. Access to program RAM and ROM 
(up to 64k words) is via the instruction bus; data and instruc- 
tion buses share the same bus-control interface. 

Depending on the calculation mode, the D950-Core DCU 
computes operands, which can be 16- or 32-bit, signed or 
unsigned. The chip includes a 16x 16-bit parallel multiplier 
to implement MAC-based functions (one cycle per MAC). A 
40-bit arithmetic-and-logic unit (ALU) implements a range of 
functions with two 40-bit accumulators. The D950-Core has 






a 40-bit barrel-shifter unit and a bit-manipulation unit that 
handles MCU (master-controller-unit) processing through 
bit operations. Both 16/32-bit fractional (signed/unsigned) 
and 16/32-bit integer (signed/unsigned) word formats are 
available. 

The D950-Core ACU generates an address for each of the 
two identical data memories and updates them at each 
instruction, allowing instruction execution and two register- 
to-memory moves in one cycle. 

The D950-Core PCU updates the program counter (PC) 
according to the current instruction and/or internal and 
external events. It performs program- 
address generation, instruction fetch 
and decoding, exception processing, 
and hardware loop control. By default, 
the PC increments by 1. 

The chip’s ETU contains three inde- 
pendent parts that share the same exter- 
nal interface: an emulation port, core- 
scan registers (CSR), and a test port (for 
production-test purposes). Access to 


which allow the ETU to interface with an 
outside JTAG TAP controller or function 
as primary access to the final ASDSP 
chip, according to the IEEE 1149.1 JIAG 
standard. 

An 8-bit general-purpose parallel port 
(PO to P7) can be configured as an input 
or output. A test condition is attached to 
each bit to test external events; chip con- 
trol is via interface pins related to inter- 
rupt, low-power mode, reset, and mis- 
cellaneous functions. 

Addressing modes—direct, indirect- 
linear, indirect-modulo, indirect-bit- 
reverse (all with postincrement), indirect-indexed, and 
immediate. 

Special instructions—bit manipulation, support double- 
precision calculations, support specific coprocessor instruc- 
tions for integrated coprocessor. 


DATA 
MEMORY 
PROGRAM 

MEMORY 


SUPPORT 





HARDWARE. sGS-Thomson offers a JTAG PC board ! SOFTWARE. A C compiler, simulator, and assembler/ 
with a graphic windowed high-level source debugger for | linker that run on PC/Sun systems are available, as well as a 


ASDSP emulation. 


Synopsys VHDL model. 
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these units is via dedicated I/O pins, 
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TI’s TMS320C1x has a large collection of application code 
supporting a large range of applications. The chip requires ! 
careful assembly-language programming, but costs have 
dropped to the point that C1xs are competitive with many 
wPs and wCs. In volume, C10s cost less than $3 apiece. 

This DSP family is accumulator-based; however, the accu- 
mulator is 32 bits wide for double-precision, 2’s-complement j; 
arithmetic. Although the accumulator lacks guard bits, the ; 
DSP has an automatic saturation mode for rounding. The ; 
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architecture relies on shared resources, such as buses and 
memories, rather than implementing multiple sets to speed 
processing. The modified Harvard architecture separates pro- 


and data spaces to share resources. 

A MAC operation takes two cycles and two instructions, 
first the multiply and then the add instruction. Addressing 
for the MAC data values is not automatic; a basic MAC pass 


requires code to specifically address, fetch, and operate on | 


each set of X, Y data values. 


The TMS320C10 has a single data bus, limiting data reads ; 
or writes to one per cycle. For each MAC operation, code | 
must load the multiplier’s T register with one data value then ; 
move the second data value to the multiplier before starting ; 


the multiply. 


The MAC’s 16-bit barrel shifter, in parallel with the single- - 
cycle, 16-bit multiplier, feeds into a 32-bit ALU that handles ° 
both 16- and 32-bit operations. The accumulator feeds back ! 


to the ALU. The accumulator then feeds a simple shifter 


(shifts 0, 1, or 4 bits over) that, in turn, links to the data bus. 


A logic section that has its own program bus and memo- 


ry handles code fetch and decoding. This section has a 4- | 
deep hardware stack (8 on the C16) that holds PC values for | 
interrupts or subroutine branches. Data in the program ROM j; 
or EPROM can transfer to the data RAM and then be used as ; 


constants for MAC series expansion. 


Parallel I/O ports—You can use the 16-bit external data . 
bus as an I/O port to connect external peripherals such as . 
ADCs or DACs. Separate I/O select signals let you use up to : 


eight separate I/O ports on the bus (16 with the C14). 


Event manager—The C14 event manager adds a capture- | 


and-compare subsystem to supplement the C14’s two 16-bit 





| timer/counters. The subsystem has six 16-bit compare and 
six 16-bit capture registers. Compare-register values are com- 
| pared with the running timers; on a match, the subsystem 
| generates an interrupt or an external signal. A high-precision 
| PWM mode adds 2 bits of additional resolution for PWM out- 
; puts (resolution is 40 nsec at 25.6 MHz). The subsystem can 
capture events; changes in one of six input lines trigger logic 
to set the timer/counter value in a capture register. The sub- 
system has a FIFO stack that can buffer up to four capture 


- values for four capture registers. 


Companding hardware—On the C17, this hardware 


‘ “compands” (compresses and expands) data for serial or par- 
' allel mode. It handles both the A- and p-Law forms, which 
| meet American, Japanese, or European standards. 


Addressing modes—Paged memory direct addressing: 7 


bits in instruction concatenate with 9-bit data-page pointer 


for accessing data RAM (128 words each page); register indi- 


; rect addressing (uses 8 bits from one of the auxiliary registers 
; to address data RAM); and immediate. Most members of the 
; Clx family have a limited off-chip addressing range (12 bits); 
- the C16 is the exception with 16-bit addressing. Additional- 
- ly, the external addressing is for program memory only; the 
- C1x does not support off-chip data memory. 

gram and data accesses, yet allows transfers between code : 


Special instructions—No hardware looping or bit manip- 


' ulation, instruction to move value one position higher in 
| memory, transfer data between program and data memory, 
| test input pin and branch if pin is zero. 


VARIATIONS.  _- 

TMS320C10—25.6 MHz, 94 mA max at SV; 288-byte 
RAM; 3-kbyte ROM; 16-bit parallel I/O port; 44-pin PLCC. 
$4 (1000). 

TMS320C14—25.6 MHz, 50 mA max at 5V; 512-byte 
RAM; 8-kbyte ROM/EPROM; 16-bit parallel I/O port; two 
timers; 16-bit watchdog timer; one baud-rate-generation 
timer; 68-pin PLCC. $8 (1000). 

TMS320C15—25.6 MHz, 85 mA max at SV (16 MHz, 
50 mA max at 3.3V); 512-byte RAM; 8-kbyte 
ROM/EPROM; 40-pin DIP; 44-pin ceramic leaded chip 
carrier; 44-pin PLCC. $5.60 (1000). AT&T Microelectron- 
ics also sells an ASIC macro for this device. 

TMS320C16—35 MHz, 100 mA max at 5V (25.6 MHz, 
65 mA max at 3.3V); 512-byte RAM; 16-kbyte ROM; 64- 
pin PQFP. $6.06 (1000). 

TMS320C17—20 MHz, 65 mA max at 5V (14.4 MHz, 
22.7 mA max at 3.3V); 512-byte RAM; 8-kbyte 
ROM/EPROM/OTP; two serial I/O ports; one timer; 8/16- 
bit asynchronous coprocessor port; 40-pin DIP; 44-pin 
PLCC. $5.06 (10,000). 





SUPPORT 





HARDWARE. An ICE and evaluation modules (PC add- ! SOFTWARE. TI furnishes a development tool kit with 
in card) are available from TI. Many third-party vendors sell | an assembler/linker, simulator, and application library. 


hardware development tools for the C1x. 
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| Many third-party tools are also available. 
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PB Series 


IDEAL FOR USE 
WITH DISTRIBUTED POWER 
DC-DC CONVERTERS AND SYSTEMS 


Features include 600 watt low profile 2” 

high package; lightweight, unpotted designs; 
environmental performance to Mil-Std-810D; -55°C 
to +85°C operation without derating; extended MTBF 
greater than 350,000 hours... 








Call toll free for additional technical information 
and application assistance 1-800-421-8181 (in California 805/484-4221 


ARNOLD MAGNETICS 


ARNOLD MAGNETICS CORPORATION 


4000 Via Pescador, Camarillo, California 93012 * Phone: (805) 484-4221 e Fax: (805) 484-4113 
CIRCLE NO. 25 
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books that work the way you work 


Analog Circuit Design: 
Art, Science, Personalities 
Jim Williams, Linear Technology Corp., Editor 
"If you do any analog circuit design, buy this book!...The well- 
indexed volume ... provides a picture of analog design, in all its 
diversity, as a way of thinking and a way of approaching problems." 


Dan Strassberg, EDN 
1991 352pp. clth 07506 9166 2 $44.95 (£30.00) 


Based on the EDN Series, with 20% NEW material 


Troubleshooting Analog Circuits 
Robert Pease, National Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience 
designing analog circuits--and working the bugs out of them. This 
book is for you whether you're designing analog circuits at the board, 
box, system, or IC level." Electronic Design 
1991 208pp. cloth 0 7506 9184 0 $32.95 (£19.95) 


Loaded with practical information 


Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
This is a comprehensive reference on proper selection, specification 
and application guidelines from one of the world's largest sealed-cell 
manufacturers. May 1992 432pp. cloth 07506 9227 8 $49.95 (£38.50) 





In the U.S. In Europe, order from: 
for more information Reed Book Services Ltd. 
or to place an order call Special Sales Department 
1-800-366-2665 P.O. Box 5, Rushden 
.20).A+ Northants NN10 9YZ U.K. 
aa ae eee TEL. 0933 58521 FAX 0933 50284 
gis : , Please quote "Cahners 13.89" 
BUTTERWORTH-HEINEMANN 





80 Montvale Ave., Stoneham, MA 02180 


CAHNERS 13.89 
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ARCHITECTURE 


The TMS320C2x is TI’s second-generation 16-bit, fixed- 
point DSP family. Source-code-compatible with the first-gen- 
eration C1x, C2x processors still rely on a multiplier-accu- 
mulator combination. However, TI designers supplemented 
those resources with a parallel 32-bit ALU, including a carry 
bit (although there are still no guard bits) and eight auxiliary 
registers. Similar to the C1x, the C2x supports automatic sat- 
uration rounding. The C2x improved on the C1x’s limita- 
tions. External memory addressing is 16 bits (64k words each 
for data and code), and it has 24 new instructions, including 
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a repeat instruction (with automatic data-address increments 
for MAC operations) as well as expanded on-chip RAM to 
include two 512-byte data blocks for X and Y memories sup- 
plemented by 64 bytes of RAM. Program ROM is 8 kbytes, 
and DMA simplifies external access to internal memory. All 
versions have a synchronous serial port and a timer. 

The TMS320C2x runs a basic MAC cycle in two cycles— 
one to multiply and one to accumulate. The MAC instruc- 
tion handles a multiply on current variables and an accu- 
mulate using the last cycle’s accumulated value. The chip can 
access two on-chip data (or program) RAMs in a single cycle 
to feed the multiply for a MAC cycle. However, unlike later 
DSPs, C2x code must explicitly handle data addressing for 
the next MAC cycle, unless the MAC instruction is a repeat- 
ed instruction. In that case, the data and program/data block 
addresses increment automatically. 

The C2x has a modified Harvard architecture and main- 
tains two separate memory and bus systems, one each for 
data and program code. In certain applications, the single 
data bus limits data reads or writes to one per cycle. On-chip 
program accesses do not interfere with DSP data manipula- 
tion. Code and data share a common external memory bus; 
each has its own 64k-word address space with a pin differ- 
entiating between the data and program address spaces. 








SUPPORT 


With a fast enough external memory, a C2x delivers single- 
cycle (pipelined) instruction execution by accessing instruc- 
tions or one of the data values from external memory. How- 
ever, you can use slower memory to cut costs; the C2x 
hardware generates memory wait states (using a Ready pin) 
to stretch out access times. The C2x has support to access up 
to 16 I/O ports through its external data bus. 

With the C2x, you don’t have to write code loops to repeat 
key instructions. TI added a repeat-instruction capability, 
with which you can repeat an instruction up to 255 times. 
Also, the eight-level hardware stack 
automatically extends into memory, 
thus enabling code to deal with deep 
subroutine and interrupt nesting. 

Addressing modes—Paged-mem- 
ory direct addressing: 7 bits in 
instruction concatenate with 9-bit 
data-page pointer for accessing data 
RAM (128 words each page); register 
indirect addressing (uses 16 bits from 
one of the auxiliary registers to 
address data RAM); and immediate. 
Software can use the auxiliary regis- 
ters to hold indirect pointers as well 
as to index the address. Indirect 
address registers can be postincre- 
mented/decremented to minimize 
addressing overhead. Indirect- 
addressing options include bit-reversal addressing. 

External DMA—External devices can take control of the 
C2x’s internal buses and read or write on-chip memories. 
When the HOLDA signal pulls down, the C2x processor 
halts, opening memory to external access. 

Special instructions—Load T (multiply) register and 
accumulate previous product; load T register, accumulate 
previous product, and move data; multiply and accumulate; 
multiply and accumulate previous product; square and accu- 
mulate; square and subtract previous product; call subrou- 
tine indirect; block move (used with repeat instruction, pro- 
gram to data, data-to-data memory); table R/W; test bit (in 
memory); hardware looping to repeat single instruction. 






VARIATIONS. | | 
TMS320C25—50 MHz, 185 mA max at 5V; 1088-byte __ 
RAM; 8-kbyte ROM/EPROM; 68-pin PLCC. $11.60 (1000). | 
_ AT&T Microelectronics also sells a macro for this device. | 
_TMS320C26—50 MHz, 220 mA max at SV; three 1- | 
__kbyte data/program RAM blocks; 64-byte data RAM: 512- | 
byte boot ROM; multiprocessor support; 68-pin PLCC. | 









$10.50 (1000). 





HARDWARE. TI provides a software development |! SOFTWARE. TI supplies a C compiler, source-level 


board and evaluation boards that use built-in emulation 


logic | debugger, assembler/linker, simulator, and application 


in the C2x. Third-party tools are also available. Contact TI. | library. Third-party tools are also available. Contact TI. 
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TI’s third-generation DSP, the TMS320C3x, is a 32-bit 
processor that integrates a Von Neumann pP architecture 
with a high-performance, 32-bit, floating-point DSP MAC 
core. On the microprocessor side, the C3x supports a unified, 
flexible, 24-bit address space (16 Mbytes x32). On the DSP 
side, the C3x processor performs single-cycle MAC process- 
ing. The processor receives the next instruction while access- 
ing two data values for the current instruction’s MAC cycle. 
The C3x family does not support IEEE floating-point formats. 
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Three subsystems make up the TMS320C3x DSP: memo- 
ry/access, central core, and I/O subsystems. The 
memory/access subsystem comprises separate program, data, 
and DMA buses, which allow parallel program fetches, data 
reads and writes, and DMA operations. This internal busing 
scheme enables programs to access the next instruction and 
two data values simultaneously as well as transfer data to or 


from the I/O subsystem in one cycle. The data address buses : 


share a single data bus that can make two sequential RAM 
accesses in a single cycle. Two 32-word, lockable, on-chip 
caches automatically load as instructions are accessed from 
external memory. The two 4-kbyte RAM blocks hold para- 
meters and constants for sum-of-products MAC processing, 
and a large ROM can hold code or coefficients for MAC pro- 
cessing. 

A minisystem in its own right, the central core has its own 
set of buses to move data and results; these buses move data 
between internal registers, an integer/floating-point multi- 
plier, a parallel 32-bit barrel shifter/ALU, and the memory 
subsystem. Results are stored in extended-precision or auxil- 


iary registers that hold the values. Two address generators in | 


the subsystem generate the addresses to access the memo- 
ry/access subsystem’s data memories. The major core regis- 
ters, eight 40-bit extended-precision registers, auxiliary reg- 








isters, and key-control registers, are held in a central multi- 
ported register file. 

The third C3x subsystem, the I/O subsystem, comprises a 
single-channel DMA controller (dual channel in C32) and a 
collection of peripherals interlinked with the peripheral 
address and data bus set. The DMA controller uses the mem- 
ory/access subsystem’s DMA bus to access on-chip memory. 
The memory/access subsystem buses pass through a multi- 
plexer and link to the peripheral bus, which serves the DMA 
controller and peripherals. On the C30, the periph- 
eral bus links to an external expansion bus with a 
13-bit address bus and 32-bit data bus. 

Addressing modes—Register direct, paged- 
memory direct, register indirect, and immediate; 
circular addressing to support circular buffers; and 
bit-reversed addressing for FFTs. 

Special instructions—Single or block instruc- 
tion hardware looping (supports nestable block 
repeats but lacks automatic save and restore of sta- 
tus), standard/delayed branches (standard empties 
pipe; delayed waits three cycles before changing 
PC), interlocked access instructions for multipro- 
cessing (load/store integer or FP value and signal 
interlocked), computed GOTOs (dynamic subrou- 
tine calls), convert floating-point to integer and 
vice versa. Bit manipulation is limited to bit test. 
You can specify instructions to execute in parallel. The hard- 
ware has a memory-based stack. 


i XIOAB 
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VARIATIONS. (priced at 10,000 units) 

TMS320C30—33 to 50 MHz; 600 mA max at SV 
(excludes 50-MHz version); 4kx32-bit program ROM; 
2kX32-bit data RAM; two timers; two serial ports; expan- 
sion bus. In 181-pin PGA, 33-MHz version, $135; 40-MHz 
version, $156. In 208-pin PQFP, 40-MHz version, $66; 50- 
MHz version, $75. 

TMS320C31—33 to 60 MHz; 325 to 475 mA max at 
5V; 2kx32-bit data RAM; boot ROM; two timers; serial 
port. In 132-pin PQFP, $38 to $50. 

TMS320LC31—33/40 MHz; 300 mA max at 3.3V 
(excludes 40-MHz version); 2kx32-bit data RAM; boot 
ROM; two timers; serial port. In 132-pin PQFP, $42 to 
$46. 

TMS320C32—40 to 60 MHz; 390 to 475 mA max at 
5V; 512X32-bit data RAM; boot ROM; two timers; serial 
port; two low-power modes; flexible system-memory 
interface (8, 16, or 32 bits wide). In 144-pin PQFP, $24 to 
$31 (in quantities of 250,000, this device sells for <$10). 








SUPPORT 





HARDWARE. TI supplies a full-speed ICE and an evalu- 
ation module. Third-party vendors have hardware tools for 
the C3x. Contact TI for references. HP has an ICE for the 
C30/C31. The C3x lacks JTAG support but, instead, has a pro- 
prietary five-pin emulation interface. 
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SOFTWARE. TI sells a tool set that includes a C and C++ 
compiler, assembler/linker, source-level debugger, code pro- 
filer, simulator, and application library. Third-party tools 
include C and Ada compilers, an OS (Spox), filter-design 
packages, and advanced graphical-design tools. 
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It’s finally here. The new OpenEmulator™ from Emulation 
Technology. One affordable PC-based emulator that sup- 
ports all the major 8-bit MPU families — over 130 separate 
devices! It lets you move from one project to another by 
changing pods —NOT emulators. 

The robust development environment includes a 
standard SAA DOS and Windows® interface, debugger, 
multi-file editor and powerful project management tool. 
A performance analyzer plus an eight-channel logic ana- 
lyzer with real-time trace are built in. And it’s easy to use. 
Just plug the OpenEmulator to your PCs parallel port. 





Get the specs on ET’s new OpenEmulator today. 
Call 1-800-995-4381. You'll receive unlimited technical 
Support — free. Plus a 100% satisfaction guarantee or 
your money back. And ask for a free copy of our 84-page 
development tool catalog when you call. Our customers 


are crazy about it. 





EMULATION TECHNOLOGY INC. 
CIRCLE NO, 148 Development Tools Division 


©1995 Emulation Technology, Inc. Worldwide Headquarters, 2344 Walsh Ave., Building F, Santa Clara, CA 95051-1301 U.S.A. Tel: 408-982-0660 « Fax: 408-982-0664 
E-Mail: 71774.3712@compuserve.com « The ET Logo is a registered trademark and OpenEmulator is a trademark of Emulation Technology, Inc. a] 
Windows is a registered trademark of Microsoft Corporation. 











It’s got to be simpler. 
It's got to he faster. 


It’s got to he more highly integrated. 


REMOTE DATA LOGGING 


POWER METERING 


It's got to be Crystal. 


Crystal’s SMART Analog™ ADCs mean simpler, faster 
designs—crucial parameters when your system has to 
master real-world applications today. 

Specifically, Crystal Semiconductor’s 5504 series of 
delta-sigma A/D converters has revolutionized the data 
acquisition industry. These highly integrated chips are 
key to reducing design time, increasing 
performance, lowering costs and still 
getting to market first. 

The 5504 series features 
Crystal’s proven SMART Analog 
approach to delta-sigma technology, 
which reduces external component requirements to 
near zero. On-chip digital filtering delivers clean signal 
processing. And the 16- or 20-bit resolution delivers 
higher accuracy. Much higher. 
There’s a full range of solutions, including on-chip 


PROCESS CONTROL 






Crystal Semiconductor (UK) Ltd. 
Spectrum Point, 297 Farnborough Road 
Farnborough, Hampshire GU14 7LS 
Ph: +44 (0) 1252 372762 
Fax: +44 (0) 1252 372763 


A Cirrus Logic Company 








HANDHELD INSTRUMENTATION PORTABLE MEDICAL DIAGNOSTI¢ 


instrumentation amplifier and multiplexers allowing up 
to 200 samples/second per channel. And the lowest 
power, smallest package, lowest cost 16-bit chip. 

Call now for more information on the 5504 series 
and evaluation kit: 1-800-888-5016 (or 1-512-445- 
7222). See why it’s got to be Crystal’s ADCs for your 
data acquisition design project. 


For real-world demands, it’s got to be the 5504 series. 
Output 





Resolution Number of Update Rate 
(bits) Channels (samples/sec.) 
CS5504 20 2 20/200 
CS5505 16 4 20/100 
CS5506 20 4 20/60 
CS5507 16 ] 20/100 
CS5508 20 1 20/60 
CS5509 16 1 20/200 


Crystal Semiconductor 
Muhlfelder-Strasse 2 
D-82211 Herrsching, Germany 
Ph: +49 (8152) 40088 
Fax: +49 (8152) 40077 


CIRCLE NO. 71 
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The C4x is more than just a fast, floating-point DSP chip: ! 
It provides a new level of parallel processing. TI engineers | 
added six independent communications ports for point-to- 
point links to other C4x processors. The ports are backed j 
with a sophisticated DMA subsystem that has its own inter- ; 
nal buses. The C4x is popular for multiprocessor applications ; 
and is making a dent in the multiprocessing market previ- ; 
ously dominated by the SGS-Thomson Transputer, which - 
has point-to-point serial communications links. 
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As a DSP engine, the C4x has seven internal buses and on- 
chip memories that help deliver single-cycle execution while 


walking through X, Y memories for a series of MAC opera- : 


tions. A 128-word cache enables the processor to deliver sin- 
gle-cycle pipelined execution and still use slower external 
memory (the cache is not used with internal memory). Key 
inner routines fill the cache as they run. When the CPU 
accesses an instruction from external memory, it automati- 
cally loads the instruction into cache, which is divided into 
four 32-word segments or lines. The CPU uses an LRU algo- 
rithm to select the cache segment for the new instructions. 
You can freeze a segment in the cache by setting cache-freeze 
bits in the CPU status register. 

The C4x is built around a five-port register file, and, rather 
than time-sharing a single bus system, it features separate 
buses for program and two data fetches. Additionally, the 
C4x has three separate functional units: the FPU multiplier, 
ALU, and barrel shifter for parallel operations. 

TI engineers equipped the C4x with six 8-bit independent 
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communications ports for point-to-point communications | 
with networks of C4xs and peripherals (the C44 only has four 
ports). Each port consists of eight data pins and four hand- 
shake signals. These ports free the 31-bit local and global exter- 
nal memory buses for program or data accesses to the proces- 
sor’s 4G-word address space (C40 only). Program and data 
occupy a unified address space that you can configure accord- 
ing to your memory requirements. The local and global buses 
- have different memory-block assignments within each mem- 
ory space. I/O can also use the external buses. 

A sophisticated six-channel DMA subsystem 
with its own address and data buses moves data 
between the communication ports and memory 
without altering the CPU’s sequential threads. Such 
data movements do not load down the DSP proces- 
sor with servicing overhead, although some data 
contention for memory may slow CPU execution. 

Addressing modes—Register direct, paged- 
memory direct, register indirect, and immediate. 
Circular addressing to support single-size circular 
buffers. The CPU applies bit-reversed operations to 
register indirect addressing only. 

Special instructions—Single or block instruc- 
tion zero-overhead hardware looping (supports 
nestable block repeats but lacks automatic save and 
restore of status), standard/delayed branches, inter- 
locked access instructions for multiprocessing (load/store 
integer or FP value and signal interlocked), convert floating- 
point to integer and vice versa, reciprocal and reciprocal 
Square root seed, conversion to and from IEEE floating-point 
formats. Bit manipulation is limited to bit test. You can spec- 
ify certain instructions to execute in parallel. The hardware 
has a memory-based stack. 


30 XDBB 


VARIATIONS. 

TMS32C40—40/50/60 MHz; 680/850/1020 mA max 
at SV; 4kx32-bit boot ROM; 2kx32-bit data RAM; two 
timers; 325-pin PGA. $160/$178/$196 (10,000). 

TMS32C44—50/60 MHz; 850/1020 mA max at 5V; 
4kx 32-bit boot ROM; 2kx32-bit data RAM; two timers; 
24-bit external address buses; power-down mode; 304-pin 
PQFP. $99/$110 (10,000). 








HARDWARE. Development system includes scan-based 


can use the JTAG port to control the processor as well as to ! 
set and to monitor registers or memory. You can also string ! 
multiple C4x chips on a JTAG circuit for parallel debugging. 


One processor breakpoint can halt execution in an array of | 


C4x chips, and you can single-step them all in lock step. TI 
sells a C4x evaluation board (with four processors) that works 


with a number of host platforms. Third-party tools are also | 


available. Contact TI for a vendor list. 





| 
emulation via the C4x’s JTAG test port. External hardware | 


SOFTWARE. Tools include a C compiler, Ada and C++ 
compilers, source-level debugger for parallel debugging, 
assembler/linker, and simulator. TI also has an application 
library. Third-party support includes the Spox, Parallel C, 
Virtuoso, and Helios operating systems. 
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ARCHITECTURE | 


The TMS320C5x, source-code-compatible with the C2x, 
is TI’s highest performance 16-bit fixed-point DSP family. A 
static CMOS design, the C5x runs at up to 100 MHz (20-nsec 
instruction cycle). 

The TMS320CS52 DSP CPU is offered as an application-spe- 
cific-processor (ASP) core for a TI gate array, the TEC320CS2. 
It combines 10k usable gates for special logic, 8k words of ROM, 
and 2k words of RAM. The gate array runs at 57.1 or 80 MHz. 









PAB 16 










6kx16 32kx16 1kx16 






RE < 
é ADDRESS 
INT GENERATION 
PROGRAM 
r ica’ CONTROL 
JTA eae 
DEBUG PORT 


The TMS320CS5x is both an accumulator-based and a reg- 
ister-based processor. It has a fixed MAC circuit with a regis- 
tered, 16 16-bit multiplier loading a 32-bit product register. 
The product register, in turn, feeds a 32-bit accumulator (no 
guard bits). The C5x also has two parallel functional units 
feeding off the data bus: an independent ALU with a register 
file of eight auxiliary registers and a bit-logic processing unit. 
Multiply and accumulate take one cycle each. The basic MAC 
cycle involves putting a value into a temporary register, 
fetching a second value, multiplying into a holder register, 
and accumulating the result in the next cycle. However, if the 
MAC instruction is executed within a hardware loop, the 
DSP can achieve single-cycle execution. 

For embedded applications, TI engineers added fast con- 
text switching and bit-level operations. To minimize the 
overhead for saving the CPU state or context on an interrupt, 
the C5x has a 1-deep shadow register stack for the major reg- 
isters (accumulator, accumulator buffer, product and status 


[ sio +> 
[ese }<7“> 


FX MULT 
16-BIT BS 







AUXILIARY 
Mae aya) 
pret +7 


registers, three temporary registers, index register, and aux- ; 


iliary compare register). The C5x also has an eight-level hard- 
ware stack for storing the program counter. For control appli- 
cations that need bit manipulation, TI engineers added a 
parallel logic unit (PLU) that runs in parallel with the MAC 
and ALU circuits. The PLU operations can set, clear, test, or 
toggle multiple bits in a control/status register or data-mem- 
ory location. The C5x also has O- to 16-bit left and right data 
barrel shifters. 


HARDWARE. The C5x is TI’s first fixed-point DSP with 
a JTAG serial scan port for chip test and ICE-like debug con- 
trol and monitoring. TI supplies a DSP starter kit, an evalua- 
tion module, and an emulator based on the C5x’s built-in 
emulation logic. Third-party tools are also available. 
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Power-down mode—Minimizes power by shutting down 
the CPU (IDLE1 instr) or the CPU and the peripherals 
(IDLE2). Pulling down an external pin (HOLD*) can also 
force the chip into power-down mode. An interrupt brings 
the chip up to normal run conditions. 

Addressing modes—Paged memory direct addressing: 7 
bits in instruction concatenate with 9-bit data-page pointer 
for accessing data RAM (128 words each page), indirect, 
immediate, dedicated register, memory-mapped register. 
The processor supports automatic circular buffer addressing 
for two buffers; however, this addressing mechanism lacks 
wrap-around capability on overshoot. 

Special instructions—Single and block repeat, load T 
(multiply) register and accumulate previous product; load T 
register, accumulate previous product, and move data; mul- 
tiply and accumulate; multiply and accumulate previous 
product; square and accumulate; square and subtract previ- 
ous product; call subroutine indirect; block move (use with 
repeat instruction and program to data, data-to-data memo- 
ry); table R/W; test and manipulate bit in memory. 


VARIATIONS. — | 

TMS320C50—40/57/80 MHz; 60/67/94-mA max at SV | 
(core portion only); 20-kbyte program/data RAM; 4-kbyte _ 
ROM; two serial ports; one timer; 132-pin PQFP. | 
$o2/542/545, rs _ 

TMS320C51—40/57/80 MHz; 60/67/94-mA max at SV | 
(core portion only); 4-kbyte program/data RAM; 16-kbyte _ 
ROM; two serial ports; one timer; 132-pin PQFP/100-pin | 
TQFP. $21/$23/$25. | 

TMS320C52—40/57/80 MHz; 60/67/94-mA max at SV | 
(core portion only); 2-kbyte program/data RAM; 8-kbyte | 
- ROM; one serial port; one timer; 100-pin PQFP/TQEP. | 

$13/$14/$17. 

TMS320C53—40/57/80 MHz; 60/67/94-mA max at SV | 
- (core portion only); 8-kbyte program/data RAM; 32-kbyte | 
ROM; two serial ports; one timer; 132-pin PQFP/100-pin 
| TQFP. $31/$34/$39. 

TMS320LC56/LC57/C57S—57/80 MHz; 36/53-mA 
max at 3.3V (core only); 14-kbyte program/data RAM; 64- | 
kbyte ROM (57S has 4-kbyte ROM); two buffered serial 
ports; one timer; one host port interface (LC57 and CS7S | 
only); 100-pin TQFP (LC56)/128-pin TQFP (LCS7 and | 
CS7S). $41 to $54. 


SOFTWARE. TI supplies a C compiler, source-level C 
assembler/debugger, assembler/linker, simulator, profiler, 
and application library. Third-party tools are also available. 
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The elegant American 
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that brought America— 
and ultimately the 
world—together. 

Candlestick” telephone, 

featuring state-of-the-art 





fouch-tone dialing and the | 


G. 


Tacmaete pertect combination of modern technology 
and classic elegance. Created for the 150th 
anniversary of the birth of Alexander Graham Bell, 
inventor of the telephone, this showpicce captures 
all the elegance and artistry of the earliest “candle- 
stick” phone of the 1870s—the most sought-after 
telephone of all time. 

The tapered Roman-column stem is richly 
embellished with 24 karat gold electroplate—as are 
the receiver, cradle, mouthpiece, base—and even 
the minted commemorative medallion hand-set 
into the center dial. Both the receiver grip and the 
stand are of hand-polished hardwood. 

It’s a work of art that combines all the charm 
and style of a bygone era with all the features of a 
modern state-of-the-art telephone. Just $195, 
payable in convenient monthly installments. 
ze Satisfaction Guaranteed 
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you may do so within 30 days of your receipt of 
that purchase, for replacement, credit or refund. 


Combining Old World charm and 
state-of-the-art technology, The 
Great American Telephone features 
touch-tone and pulse dialing plus a 
design of classic elegance. 

Shown much smaller than actual size 
of approximately 12//2" (31.75 em) in 
height, including hardwood stand. 
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Please mail by May 31, 1995. 


The Franklin Mint 
Franklin Center, PA 19091-0001 


Please accept my order for The Great American 
Telephone. 

I need SEND NO MONEY NOW. I will be 
billed for my specially imported telephone in 5 equal 
monthly installments of $392 each, with the first pay- 
ment due prior to shipment. 

*Plus my state sales tax and a one-time charge of $3. 


for shipping and handling. 





SIGNATURE 


ALL ORDERS ARE SUBJECT TO ACCEPTANCE. 


MR/MRS/MISS 


PLEASE PRINT CLEARLY. 
ALO rae a ARE # 
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TELEPHONE # ( 
16474-21-001 
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- Depend on Illinois Capacitor to meet your 
‘most critical delivery requirements with the 
industry’s highest quality ca yacitors. /C and 
_ your local /C distributor both stock capacitors 
in depth to keep your production. on schedule. 


IC is a certified JIT, dock-to-stock supplier to 
ooey manufacturers. Whether your production 
- demands are large or small, /C always _ 

responds fast with 100% burn-in tested 
capacitors. | 





You don’t need to stock excess. inventory 
to avoid production delays. See for yourself 
how IC can deliver for you. Contact your loca 
IC distributor or /C today | 




















Ask for FREE Capacitor 
Engineering Guide 





® 


ILLINOIS CAPACITOR, INC. 


3757 West Touhy Avenue 
Lincolnwood, IL 60645 
708 675-1760 @ Fax: 708 673-2850 


CIRCLE NO. 15 
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advertisement 


LINEAR SOLUTIONS 


INTERFACE PRODUCTS 





Ultra-Low Power Family of RS485 Transceivers with Low EMI 


Linear Technology’s ultra-low power R5485 The LTC1481 uses only 500A max quiescent current and 
transceivers feature the lowest supply currents, only 120uA max with drivers disabled. Despite low 
highest input impedance, low EMI noise radiation, quiescent power, data rates to 2.5Mbits/s are guaranteed. 


papers Picea ibe ler Se Pte 7 The LTC1483 and LTC1487 offer controlled slew rates for 
the industry. Shutdown and Driver Disable func- — 

kj “ . : reduced EMI radiation and improved data integrity. The 

a a a aaa a LTC1487 also features high input impedance allowing up 
to 256 devices to share a single data line pair! 


Slew Rate Limited LTC1483 Driver Output 


Spectrum Transmitting at 150kHz These devices are 








Supply Current vs Temperature perfect for battery- 
powered systems, 
THERMAL SHUTDOWN industrial control- 
WITH DRIVER ENABLED 
lers, theatrical 
Tif | tt fy -~ DRIVER ENABLED lighting and effects, 
Hitch | programmable 


power supplies, and 
intelligent security 
systems. Available 
in 8-lead DIP and 
SOIC, pricing starts 
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TEMPERATURE (°C) at only $1.43 in 
FREQUENCY (MHz) thousands. 
Circle No. 210: Please send literature. Circle No. 211: Call me. I’m interested. 


Single Supply Chip Supports All V.35 Clock and Data Signals 


The LTC1345, when combined with a 
termination resistor network and an 
RS232 transceiver such as the LT1134, 
forms a complete, single supply, V.35 
interface port. The LTC1345 supports 
all differential signals of a V.35 port 
at data rates to 10Mbaud. It is 
software selectable for DTE or DCE 
port configuration. Low power and a 
1uA Shutdown mode maximize 
efficiency, simplifying thermal 
management in compact designs. 


Clock and Data Signals for V.35 Interface 


e Supports all differential V.35 clock 
and data lines 

Single 5V operation 
Software-selected DTE or DCE 
configuration 

+10kV ESD protected 





The LTC1345 is the performance 
choice for V.35 routers, modems, bridges, and LAN/WAN systems. Pricing starts at $7.13 in 1000 piece quanti- 
ties. Available packages include 28-lead DIP and SOL. AY, LTC and LT are registered trademarks of Linear Technology Corporation. 


Circle No. 212: Please send literature. Circle No. 213: Call me. I’m interested. 





Low Power RS485/RS422 Transceiver Runs at 10MBaud 


The low power LTC1485 
transceiver draws only Typical Connection 
1.8mA from its single 5V 7 
supply, but guarantees data 
rates to 10Mbits/s. System 
reliability is enhanced with 
the best overvoltage perfor- 
mance in the industry and 
thermal shutdown to protect 
against bus contention. 


Other features include: 

¢ 28ns driver propagation 
delay with only 4ns skew 

¢ Supports RS485 and RS422 

¢ Common-mode range 
extends —7V to 12V 

e Driver stays high imped- 
ance in three-state or when 
power off 





This device is the choice for 
high speed data transfer in industrial controls and instrumentation, and commercial network systems. Available 
in 8-lead DIP and SOIC, pricing starts at only $1.64 in thousands. 


Circle No. 214: Please send literature. Circle No. 215: Call me. I'm interested. 


Ultra-Low Power, Single Supply RS232 and EIA562 
Transceivers for 3.3V Systems 


Our ultra-low power 3.3V CMOS transceivers feature dramatic power 


2-Drivers/2-Receivers with Shutdown reductions, data rates above 120kbaud, and rugged ESD protection 
and Driver Disable Por 


Using the LTC1348 (3-driver/5-receiver), 3.3V-powered microcom- 
puter systems can communicate with full RS232-level outputs due to 
| ES the on-chip charge pump voltage tripler. The very low power usage of 

LOGIC INPUT —4 562 OUTPUT only 500uUA during full 
| Op renOmcay| bec Ven arinicr LTC1385 Quiescent and Shutdown 

LOGIC INPUT — 562 OUTPUT reduced with logic-controlled Supply Current vs Temperature 
LOGIC OUTPUT | 562 INPUT Receiver KeepAlive and 
| Shutdown modes that allow 
power to be supplied only to 
required functions. The 
LTC1348 is available in SOL 
and SSOP packages and is 
priced from $4.33 in thou- 
sands. 





LOGIC OUTPUT —+ 562 INPUT 





ON/OFF 


<1... 
| QUIESCENT 
CURRENT 





DRIVER DISABLE 











QUIESCENT CURRENT (1A) 
(v4) INJYHND NMOGLNHS 


SS 
SHUTDOWN 
CURRENT 














For 2-driver/2-receiver applications including hand-held 3.3V systems ; 
such as inventory checkers and palmtop computers, use the ultra-low a ei aa ee 6080 
power of the LTC1385 EIA562 transceiver with its 200u.A supply current ee 

and shutdown. DIP, SOL, and SSOP are available with pricing begin- , : 

ning at $3.30 in thousands. 





Circle No. 216: Please send literature. Circle No. 217: Call me. I’m interested. 


Premium Performance Single Supply RS232 PC Serial Ports 


Where high data rates, low power, high ESD resistance and world class 


overvoltage protection are required, LTC’s devices lead the industry. The 


LT1137A 3-driver/5-receiver DTE-side interface port is an excellent 
example of our bipolar interface products with data rates to 250kbaud 
and ESD protection of +10kV, while drawing only 60mW of power! 
Priced from $3.64 in thousands, the LT1137A is the right choice for 


complete desktop microcomputer serial ports. It is available in DIP, SOL, 


Premium Performance Single Supply RS232 PC Serial Ports 


DRIVER OUT 
RX IN 
DRIVER OUT 
RX IN 
RX IN 
RX IN 


DRIVER IN 
RX OUT 

DRIVER IN 

hissed TO LOGIC 
RX OUT 

RX OUT 

DRIVER IN 


and SSOP 
packages. 


The ultra- 
low power 
CMOS 
compli- 


ment to the 

LT1137A is our LTC1337. It features a supply 
current slashed to 300HA and a 1A Shutdown 
mode. The LTC1337 supports data rates above 
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120kbaud, has plenty of output to drive a mouse, 
DRIVER OUT ae and offers rugged ESD protection. Ideal for battery- 
a powered PC serial ports, the LTC1337 is available 
Marr =eN DISABLE in DIP, SOL, and SSOP priced from $4.53 in 
thousands. 





Circle No. 218: Please send literature. Circle No. 219: Call me. I’m interested. 


Combined Mode 232/562/485 Transceivers 
for Programmable Interface Ports 


The LTC1321 and LTC1322 are versatile, multi-protocol interface transceivers for proprietary or programmable 
interface ports. Key features include pin-programmable configuration, loopback for diagnostic testing, and a 
power-saving Shutdown mode. 


e LTC1321 driver/receiver 
pairs: one RS232/562, one 
RS485 

e LTC1322 driver/receiver 
pairs: two RS232/562, two 
RS485 

e Low supply current: ImA 
typical 

e 15uA supply current in DR IN DR IN 
Shutdown 

e Drivers go high impedance 
in three-state, Shutdown, 
or with power off 


Multi-Mode Interface 


DR ENABLE DR ENABLE 


With prices starting at only 
$4.49 (LTC1321, 1000pc. 
quantities), these are excel- 
lent choices for program- 
mable I/O ports, mainframe 
computers, digital multiplex- 
ers, and networks. 


Circle No. 220: Please send literature. 





Circle No. 221: Call me. I’m interested. 


Complete AppleTalk°/LocalTalk® Transceivers 
Run from Single 5V Supplies 


The LTC1323 and the LTC1323-16 are 
rugged single supply transceivers that 
provide complete AppleTalk (LTC1323) 
or LocalTalk (LTC1323-16) ports for 

: : $2 T0 10Q 9Q TO 102 
computer networks. Receiver inputs - —W—9— "nv — 
and driver outputs are ESD protected oe 
with proprietary clamping cells. Low 
power operation (2.4mA typ) and a 
0.54A Shutdown mode make this an 
ideal choice for battery-powered 
systems. Average power use for the 


Complete AppleTalk Port 


LTC1323 


LTC1323 can be further reduced with a 
micropower receiver that stays active to | a exe 
: 


receive data, while the rest of the device 
lies idle. 





Typical Localfalk Connection Available in SOL, SSOP, and narrow SOIC (LTC1323- 
BV 

16) packages, these devices are excellent solutions for 
LocalTalk peripherals, desktop, notebook, or PDA 
computers with AppleTalk networking. 1000-piece 
pricing starts at $4.70 for the LTC1323 and at only $4.30 


1uF for the LTC1323-16. 
2 core 1oopr Lt LocalTalk 


P 7 TRANSFORMER AppleTalk and LocalTalk are registered trademarks of Apple Computer, Inc. 
DATA 


TX ENABLE 
SHDN 
RX ENABLE 





Circle No. 222: Please send literature. Circle No. 223: Call me. I’m interested. 


Low Power Digital Isolators and Isolated MOSFET Driver 


Are ULA\ Recognized 


ISOLATION INPUT MAX INPUT GLITCH-FREE EXT CLOCK 

VOLTAGE CURRENT FREQUENCY OUTPUT FILTER SYNCH 
z500Vimis | 700A | 200KH2 | Yes. =| Sos SSS 
2500V zowrz | Yes | ves” ~—« SSCA 
ISOLATION INPUT TIME ON/ DRIVES ANY LOGIC CURRENT UL 

VOLTAGE CURRENT TIME OFF LEVEL FET LIMITED RECOGNIZED PART NUMBER 
2500Vins asmsims | Yes | Yes) |CLTCHT 


Circle No. 224: Please send literature. Circle No. 225: Call me. |’m interested. 


LS Lye 


Linear Technology Corporation 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 

Phone: (408) 432-1900 

Fax: (408) 434-0507 

For literature only: 1-800-4-LINEAR 
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T’s 4-million-transistor TMS320C80 (previously known 
he Multimedia Video Processor or MVP) integrates four 
allel-processing DSPs (PPDSPs) and a 32-bit RISC master 
cessor (MP) on a single chip. The ’C80 processes multiple 
<s in parallel (each assigned to a specific processor), col- 
‘ively delivering 2-BOPS (billion-operations/sec) perfor- 
nce. The ’C80’s processing suits a range of real-time appli- 
ions, such as video compression/decompression, 
‘communications, image recognition, and audio. 





TMS320C80 MVP 


ADVANCED] JADVANCED| |ADVANCED VIDEO 
DSP DSP DSP CONTROLLERS aa. 
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CROSSBAR 


50-kKBYTE SRAM 
(25 2-kBYTE RAMs) 
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64 
CLOCKS/ TRANSFER 
JTAG CONTROLLER 






he ’C80's five processors execute independently and con- 
rently. A high-speed, on-chip crossbar connects the CPUs 
h 25 2-kbyte blocks of dedicated SRAM, which provides 
he and RAM for each CPU. Any processor can access any 
.6 SRAM blocks, although five blocks are dedicated to each 
U. The crossbar handles up to 15 simultaneous RAM 
esses/clock cycle: three per PPDSP, two for the MP, and 
2 for the transfer controller (TC). Peak crossbar bandwidth 
-.2 Gbytes/sec. Memory-mapped control registers handle 
‘h transfer and video controllers (VCs); the chip has a sep- 
te 32-bit data path between the MP, TC, and VC, which 
ibles the MP to set register values. 

[he ’C80 has high processor throughput: Each CPU exe- 
es from its own crossbar-memory instruction cache—2 
7tes for the PPDSPs and 4 kbytes for the MP. The MP also 
3 4 kbytes of crossbar-memory data cache. Executing from 
ssbar instruction caches, the CPUs achieve apparent sin- 
-cycle execution. 

[he PPDSPs have a 64-bit instruction word with three 
jor subfields for controlling the data unit (with a 32-bit 
U and 16-bit multiplier) and each of two independent 
lress units. Each address unit has a 32-bit data path to the 









DISPLAY/ 
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MEMORY 


crossbar and can also be used for general-purpose math. 
Three zero-overhead loop controllers support nested looping. 
The 32-bit ALU can split into two 16-bit ALUs or four 8-bit 
ALUs; the multiplier performs one 16X16 multiply or two 
8x8 multiplies. Additional hardware supports bit-field and 
pixel processing. 

The MP has an integrated 64-bit floating-point unit (FPU) 
that shares a common 31X32-bit register file with integer 
processing. A register scoreboard flags registers that are wait- 
ing on loads from memory or from the FPU to keep 
operations in order without unnecessary waiting. 

The MP’s FPU incorporates a single-precision FP 
multiplier and a double-precision FP adder. It also 
supports vector processing with built-in vector oper- 
ations and four accumulators to hold interim vector 
results. Both the MP’s main integer path and its FPU 
units are pipelined. The MP has a three-stage 
pipeline. A single-precision multiply or double- 
precision addition normally take four cycles to com- 
plete but are pipelined, so they can finish every cycle. 
The integer unit triggers FPU operations, which pro- 
ceed independently. Vector instructions can start a 
multiply, add, and load or store every cycle, yielding 
a peak performance of 100 Mflops. 

The ’C80 is more than just a collection of CPUs and mem- 
ory; it has its own on-chip I/O and memory controller, the 
TC, which provides an adaptive memory interface with auto- 
matic byte alignment, as well as both linear and X, Y (frame 
buffer) addressing. It supports SDRAM, DRAM, VRAM, and 
SRAM and also has a video controller to minimize design for 
video applications. The VC supports two video frames (all 
video timing signals). It also has a special serial-register- 
transfer (SRT) controller for controlling VRAM frame memo- 
ries by the TC. 

Addressing modes—Indexed, base, immediate, relative. 

Special instructions—Bit and byte manipulation, log 
base 2, many types of compare instructions. It supports nei- 
ther conditional execution nor hardware looping for single 
and block repeat and has no hardware stack. 









VARIATIONS. 


TMS320C80—50 MHz; 3300 mA max at 3.3V; 305-pin 
CPGA. $400 (10,000). 







SUPPORT 


ARDWARE. The 'C80 supports multiple processor 
akpoints: one CPU can breakpoint and halt execution of 
CPUs on the chip. TI sells a parallel-processing ICE 
ISS10) that handles debugging of multiple ’C80 chips. 
ighborough Sound Images Ltd (Loughborough, Leicester- 
re, UK, phone 1509-634300) and Precision Digital Images 
dmond, WA, (206) 882-0218) sell hardware-development 
tems. The ’C80 supports JTAG. 








SOFTWARE. TI sells a tool set that includes an assem- 
bler/linker, C compiler, simulator, and parallel debugger. The 
debugger includes the MP Debugger and multiple PPDSP 
debuggers. Parallel Debug Manager handles and coordinates 
individual CPU debuggers. TI fields a multitasking executive 
that runs on the MP, interfaces to a host CPU, and issues 
commands to ’C80’s PPDSPs. Spectron Microsystems’ (Santa 
Barbara, CA) Spox real-time, multitasking operating system 
($12,000) has been ported to the ’C80. 
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Zilog added DSP chips and DSP-enhanced wCs to its line | 


to handle math-intensive processing applications. An on- 
chip codec interface makes the Z89321 well suited for voice, 
audio, and digital-cellular applications. 


The Z893x40 has a compact, accumulator-based DSP ; 


architecture built around a single-cycle MAC unit, which 


includes a 16X16- to 24-bit multiplier, 24-bit product regis- . 
ter, and 24-bit accumulator and ALU (no guard bits). The DSP : 


processor runs from a 4k-word program ROM/OTP (the 
Z89391 can also access 64k words of external program mem- 
ory). Two internal bus sets—a program address/data bus set 
and a data address/data set—prevent program thread execu- 
tion from interfering with cycle-by-cycle MAC processing. 
Two RAM blocks hold program coefficients and data, 
which feed directly into the MAC’s input registers each cycle. 


Results land in a product register and 24-bit accumulator ; 
each cycle. RAM block addressing automatically increments - 
or decrements the address, which eliminates the need for : 


data-address-generation code for each MAC cycle. 


PM 


ROM DM DM 
4kx16 RAM RAM 
256x16 256x16 


DDB __16 cS a 


| Addressing modes—Memory direct (to 512 RAM wor 
| register indirect (to RAM or ROM with pointer regist 
; immediate, short-form direct (uses 16-bit data register: 
; RAM), external peripheral addressing (one cycle, tr 
peripheral as a register). Modulo addressing options incl 
modulo 2 to 256 processing loops. 

Special instructions—Compare register to accumula 
| conditional execution of certain instructions as well as ¢ 
| ditional branching and subroutine calls. The Z893xx ¢ 
| not perform repeat (hardware looping) or bit manipulat 
| For subroutines and interrupts, the Z893x1 has a six-l 
| hardware stack. 
| 
| 
| 
| 
I 


ADDR GEN ADDR GEN 2 


FX MULT 


dalek PROGRAM FX ALU 
INPUT FLAGS CONTROL ACC (1x24) 


OUTPUT FLAGS 


The basic DSP chip has two external buses: an external pro- 
gram bus (Z89391 only) and an I/O bus. External data must 
come in on the I/O bus. An external-memory R/W takes one 
cycle. A single wait state may be inserted using software con- 
trol; the WAIT pin can be used for additional wait states. Run- 
ning code from external memory takes one additional cycle 
for each instruction—the data is read in one cycle but is not 
available for processing until the next instruction cycle. 

The CODEC interface is compatible with 8-bit PCM and 
16-bit CODECs. Many general-purpose 8- and 16-bit ADCs 
and DACs are adaptable. The interface can also be used as a 
high-speed serial port. Z893xx chips also have two 13-bit 
timers: one dedicated to the CODEC interface and the other 
to general purpose. 














VARIATIONS. 

Z89321—20 MHz; 60 mA max at 5V; 512-word RAN 
4k-word mask ROM; 40-pin DIP; 44-pin PLCC/QFP. $3.7 
(10,000). : 

Z89371—16 MHz; 60 mA max at 5V; 512-word RAN 
4k-word OTP ROM; 40-pin DIP; 44-pin PLCC/QFP. $7.4 
(10,000). 

Z89391—20 MHz; 60 mA max at 5V; 512-word RAN 
ROMIless; 16-bit external instruction bus; 84-pin PLC¢ 
$5.66 (10,000). 





SUPPORT 


| SOFTWARE. Zilog fields a C compiler, assembler/lin! 
| simulator, source-level debugger, and application librarie: 
| also has a TMS320-to-Z893xx assembly-code translator. 


HARDWARE. Zilog sells an evaluation board and ICE for 
the Z893xx, as well as for the combined Z8/Z89 chips. The 
Z893xx does not support JTAG. 
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New Class Of Variable Gain 
Amplifiers Offer Wideband 


Gain Control. 


Analog Devices has 
taken every criteria 
for variable gain 
amplifiers and made 
them a generation 
better. Greater gain 
accuracy. Less 
noise. Linear-in-dB 
control. Lower 
solution cost. The high integration of our 
variable gain amplifiers provides a complete, 
easy to use solution: simply connect the 
power, input and gain control voltage and 
you’re in control. 


AD600 AD602 AD603 


File 3] 
Dual Dual Single : 
OdBto+40dB -10dBto+30dB -10 dB to +30 dB 


Or Or through 
0dBto+80dB  -20dBto+60dB +10 dB to +50 dB 
cascaded cascaded 












SPECIFICATION 


Channels 
Gain Range* 


Input Noise Spectral Density 1.4 nV/VHz 1.4 nV/Viz 1.3 nV/Vilz 
Signal Gain Accuracy (typ)  +0.25 dB + 0.25 dB +0.4 dB 
Bandwidth (MHz) 35 35 90 
Price /amp** 6.00 6.00 3.95 


LOWER NOISE, HIGHER PERFORMANCE, BETTER VALUE THAN ALL 
OTHER VOLTAGE CONTROL AMPLIFIERS 


AD600, AD602. For applications that 
demand high accuracy and integration, our 
dual channel AD600 and AD602 variable 
















AD8001 UD) dey 4) 


DAC8512 


gain amplifiers provide an optimum solution. 
They’re ideally suited for demanding medical 
ultrasound, non-destructive ultrasonic testing, 
and RF applications. 

AD603. Our new variable gain amplifier is 
a high speed, low cost solution, with solid 
performance. The AD603 features a single 
channel, programmable 40 dB gain range 
that’s ideal for cost and performance driven 
applications such as video, instrumentation, 
sonar, RF and IF AGC applications. 

For a data sheet and more information on 
AD603 samples and evaluation board, call 
Analog Devices toll free today, Gain Control 
at 1-800-ANALOGD He 
(262-5643)'. Or fax your = 
request to 617-821-4273. 








Input ie 






SPECIAL EVALUATION 
BOARD OFFER! 
Call 1-800-ANALOGD (262-5643) 






ANALOG 
DEVICES 


Analog. Digital. Solutions. 






Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. 
Distribution, offices and application support available worldwide. 


* AD603 is gain range pin programmable 
** USD 1000s, recommended resale, FOB USA. 


t Outside U.S., please call 617-461-3392, 


CIRCLE NO. 11 








THE 8051 & 251 DEVELOPMENT TOOL EXPERTS |S ]KEIL- 


| dScope - ci25 lisampl5 limeasureimeasure ’ 
File View Setup Peripherals Help 


PS Module: MEASURE q 
Go GoTilCurs Step Pstep Stop Window View Misc ' 













| | 
Boe ORAS, 










: 
printf ("\n\n"); 
MOV R3,#0x05 
MOV R2 ,#0x04 
MOV Rl ,#?C_FPPRECISION (0x14) 
LCALL _PRINTF(OxFF135E) 











Time: 0:00:00.614 P4:FF PS:FF ANO:0.00V AN1:0.00v /= 











clear_records: § 
measure_display: ia 
ve_current_neasurements: Bl 






dScope-251: Windows™ based 8051 & 251 debugger 







The best 8051 C compiler just got better... 


Y Compatible with the new Intel MCS® 251 architecture 
¥ Faster 32-bit long and floating-point math operations 
| = Y  —MS Windows™ based development tools 


TIMER.¢ 


aa ...and creating 8051 & 251 software has never been easier. 


pnce every TkHz 


oid timer@ initialize (void) 


( 
NT_DISABLE;: /* disable interrupts »/ 


2s) The Keil C51 compiler, with over 15,000 installations worldwide, 1s 
an the industry de-facto standard for 8051 software development. C51 
anaes : _ 1s unsurpassed in code quality and flexibility and it supports all 8051 
| derivatives including the Dallas Semiconductor 80c320, the Siemens 
— 80c517, and the Philips 80c751 family. 
To better support our customers in the United States and Canada, 
Keil Software, Inc. has opened a new sales and support office in 
Dallas, Texas. Previously, the Keil 8051 development tools were 
marketed under the Franklin brand name. Now, customers can get 


upgrades and technical support directly from Keil Software. 


UVision/251 Windows™ IDE 


Whetstone Benchmark Results © | Call today In the USA call 


Excel te for more information! 800-348-8051 


4.55 sec 
(22 Kips) | USA & Canada: Europe: 
Keil Software, Inc. Keil Elektronik GmbH 


ly 7.80 
C51 Version 4 (12 KIPS) 16990 Dallas Parkway, Suite 120 Bretonischer Ring 15 























Dallas, Texas 75248 85630 Grasbrunn - Germany 
XDATA Memory Requirements Phone: (214) 735-8052 Phone: ++49 89/46 50 57 
Fax: (214) 735-8055 Fax: ++49 89 / 46 81 62 


C51 Version 5 189 Bytes 
US Distributors: Franklin, Nohau, MetaLink, Hitex, Emulation Technology 


International Distributors: Australia: Electro Optics 02/654 1873 A: Rekirsch 01/2597 2700 

B: Bytecom 010/223 455 Czech Rep: ComAp 2/684 8862 CH: Redacom 032/410 111, Thau 01/740 4105 

DK: Nohau 043/446 010 E: CAPEL 93/217 2340 F: Convergie 1/4904 9200 I: BRM 011/437 1551, NORD 02/6610 4160 
IRL: Ashling 061/33 44 66 Israel: ITEC 03/491 202 NL: Tritec 01858/16133 PL: WG 022/217 704 

S: Nohau 040/922 425 Singapore: Testtech 65/7492162 SLO: ASYST 061/445526 South Africa: Eagle (021) 23 4943 
Taiwan: Demmax 35/772772 Turkey: EMPA 1/599 3050 UK: Hitex 01203/692 066, Nohau 01962/733140 


C51 Benchmark Comparison MCS® 251 is a registered trademark of Intel Corporation. MS Windows™ is a trademark of Microsoft Corporation. 
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| 321 Bytes 






Worse 






Call for complete benchmarks 








Zoran’s ZR38001 was developed for a specific application |! 
class in tandem with Dolby Laboratories. The ZR38001 deliv- 
ers a 0.67-msec 1024-point complex FFT and a 132-nsec | 
Radix-2 FFT Butterfly. 


| appropriate memory location; this procedure is in lieu of a 
| hardware stack. Each address set consists of three 20-bit reg- 
| isters: address, index, and modulus. You can also use the ARF 
; registers as general registers or for I/O. 

The ZR38001 is a load/store-register-oriented architecture ; | Arithmetic operations center on a multiport register file, 
that lends itself to straightforward coding. To minimize which handles up to three data reads, two writes, and two 
decoding and instruction overhead, Zoran relies on a 32-bit reads or writes per instruction cycle, enabling the hardware 
instruction word; however, the ZR38001 has a 20-bit data - to read data for the next operation while returning results for 
word to minimize cost. oe 3 the current operation. The register file has eight 20-bit regis- 

The ZR38001 has an on-chip instruction cache that holds ! ters. Two of the registers extend to 48 bits to support 48-bit 
the last 16 instruction words executed. Running from the ! accumulation (8-bit overflow). The hardware incorporates a 
48-bit ALU and barrel shifter and a 2020-bit multi- 


plier. 
INSTRUCTIONIT PROGRAM. ADDRESS. GENERATION Oa : The ZR38001 supports a 20-bit, 1M-word, unified 
PROGRAM ADDRESS BUS ea 2 program/data address space. The chip has a 20-bit 
207DATA ADDRESS ; Apress | external address bus and 32-bit external data bus. 


Internally, the chip builds on a dual bus system with a 
ADDRESS DUAL eee 20-bit data address bus and data bus set, and a 20-bit 
PEGI R [| apoRess shee program address bus and 32-bit program data bus set. 
ed te : The hardware feeds the external address bus by multi- 
Pomme | be plexing the internal program and data address buses. 
20 DATA BUS ; & | Similarly, the external data bus links through a bidi- 
- ! rectional multiplexer to the 32-bit program data bus 
2 a da Sony ees and 20-bit data bus. The ZR38001 supplies six serial 
a genera F—- 9 °ar | I/O ports that suit multimedia applications. 
| AND =o Addressing modes—Register direct, memory 
"SYSTEM INTERFACE palin er are INPUTIOUTPUT, direct, and register indirect addressing (all with incre- 
ment/decrement), indexed, immediate, bit-reversed, 
or circular modulus options. For table walking, you 
can postincrement/decrement by 1 or by an index value. 
Special instructions—Absolute Value, bit manipulation, 
FFT Butterfly Primitive (multiplies two registers and 
adds/subtracts a third register, stores sum, and divides), 
Compare, Compare Absolute, Delayed Branch (executes next 
two instructions before branch), Signed/Unsigned Divide 
Iteration (bit step), Move Max/Min (moves max/min value 
from array), Normalize (also for max mantissa). The ZR38001 
also performs hardware looping for single and multiple 
instructions. The chip has no conditional execution or rota- 
tion instructions. 





cache, the three-stage-pipeline CPU can start an instruction 
every cycle. The hardware uses a delayed-branch instruction 
that will execute the next two instructions before it takes a 
branch. 

The ZR38001 architecture supports multiple operations 
per instruction cycle. For MAC class cycles, it can generate 
two data addresses per cycle, as well as fetch the next instruc- 
tion. For dual data addressing, the chip has two data address 
generators and has an 8x 60-bit address register file. Using a 
basic 66-MHz internal clock (external 33 MHz), the hardware 
can access its on-chip RAM twice during a single 33-nsec 
cycle. Thus, the processor can make do with a single data 
RAM, even for dual-access MAC operations. The hardware 
supports FFT bit reversal and modulo addressing for DSP pro- 
cessing. It incorporates zero-overhead looping, with up to 
four stacked loops. 

An address register file (ARF) expands addressing capabil- 
ities: It incorporates a 20-bit stack pointer and eight address 
sets. The programmer must set up the stack pointer to an 












VARIATIONS. 

ZR38001—33 MHz; 500 mA max at SV; 12kx32-bit | 
program ROM; 1kx32-bit program RAM; 4kx20-bit data | 
RAM; six half-duplex serial ports that can be used as a ser- | 
ial host interface; 128-pin PQFP. $42 (1000). 


SUPPORT 


HARDWARE. Zoran sells a ZR38001 development |! SOFTWARE. Zoran supplies software-development 
board. PC/AT ISA bus-compatible, the board can be dropped ! tools, which run on MS-Windows on x86-based PCs. The 


into a standard PC/AT (and above). It has an interface to ! tools include an assembler/linker, simulator, and debugger. 

external analog systems. The ZR38001 has JTAG-compatible ! Zoran has the following software modules for the ZR38001: 

ICE support. | Dolby AC-3 six-channel surround decoding, Dolby AC-3 
| two-channel surround downmix decoding, MPEG-1 audio 
| decoding/encoding, and Dolby Prologic decoding. 
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Break limits 








NEC's 1Mb CMOS Synchronous 


You've got a lot riding on your and too power-hungry. But there conventional speed limits without 
memories. Your microprocessor is a solution. breaking your budget. Our pipe- 
may be fast. But it can’t run at lined 32K x 32 device features 8ns 


MORE SPEED. LOW COST. 


100% speed unless cache memory 
Low POWER CONSUMPTION. 


access time. That’s fast enough 


keeps pace. Conventional to eliminate wait states with 
SRAMs are too slow for today’s NEC’s new CMOS SRAMs today’s fast microprocessors. Use 
supercharged microprocessors. use synchronous technology two chips to make a 66MHz- 
BiCMOS SRAMs are too costly with burst counters to break 256KB cache for the Pentium™ or 


For fast answers, call us at: USA Tel: 1-800-366-9782. Fax: 1-800-729-9288. GERMANY Tel: 0211-650302 Fax: 0211-6503490. THE NETHERLANDS 
Tel: 040-445-845. Fax: 040-444-580. SWEDEN Tel: 08-753-6020. Fax: 08-755-3506. FRANCE Tel: 1-3067-5800. Fax: 1-3946-3663. SPAIN Tel: 1-504- 
2787. Fax: 1-504-2860. ITALY Tel: 02-6709108. Fax: 02-66981329. UK Tel: 0908-691133. Fax: 0908-670290. IRELAND Tel: 01-6794200. Fax: 01- 
6794081. HONG KONG Tel: 886-9318. Fax: 886-9022. TAIWAN Tel: 02-719-2377. Fax: 02-719-5951. KOREA Tel: 02-551-0450. Fax: 02-551-0451. 
SINGAPORE Tel: 253-8311. Fax: 250-3583. AUSTRALIA Tel: 03-8878012. Fax: 03-8878014. JAPAN Tel: 03-3454-1111. Fax: 03-3798-6059. 
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not budgets 


SRAMs for Cache Applications. 


Power PC™ Or use four chips to —_ provide access speeds of 8/10/ 
make a 512KB cache for nies end = 12ns for 66/60/50MHz cache. 
Non-pipelined devices 


PCs and servers. Inter- 


leaved or linear burst is pin come in 12/14ns speeds 





selectable. Bsesoxes00 for 50MHz cache. All our 
NEC offers a wide "synchronous SRAMs 

choice of 1Mb synchronous operate on 3.3V and come in 100- 

SRAMs. Our pipelined devices pin plastic TQFPs (1.7mm H). 


All trademarks are property of their respective holders. 


CIRCLE NO. 186 











NEC’s synchronous CMOS 
SRAMs are a well-balanced 
solution that makes sense in terms 
of speed, power consumption and 
overall price performance. 

For cache memories that 
provide high excitement at low 
cost, contact NEC today. 
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Beat The Board Hogs 


With the First SMT 123K x 32Bit SRAM 


When your designs require more memory, 


.  . speed and board space, the new 

© WW, , EDISL32128C-AC is the answer. 

~~ ee = | Our high density memory 
array solution doubles the 

efficiency of your board 


design - in half the space. 


Some EDI8L32128C-AC 


high-performance advantages: 







M@ Speed: 15, 17, 20 and 25ns 
@ JEDEC SMT: 68 Pin PLCC 
@ Small Footprint: 0.990 sq. inches 


@ User Configurable Organization 
m@ High Density 4 Mbit CMOS SRAM 


Achieve the greatest memory efficiency 
without hogging your valuable board design. 
Give us a call today for samples and 
application information. 





New Memory Databook now available. 


Better performance than four 5 08 ” 366 ° 5 1 5 1 ext. 2 1 4 


128K x 8 PSOJs in half the space EDI is ISO9001 Certified 


TAD 


ELECTRONIC DESIGNS INC. 





, Electronic Designs, Inc. 
One Research Drive * Westborough, MA 01581 USA Tel: 508-366-5151 * Fax: 508-836-4850 


Electronic Designs Europe, Ltd. 
Shelley House, The Avenue °* Lightwater, Surrey GU18 5RF United Kingdom * 0276 472637 © Fax: 0276 473748 
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DSP* ’ 95 product preview 
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This year’s DSP* show, at the San Jose 
Convention Center, San Jose, CA, May 16 
to 18, expands to encompass all forms of 
signal processing and associated EDA 
tools. The conference program features 
three technology tracks: DSP, Advanced 
analog and mixed signal, and ASIC and 
EDA. The DSP program addresses the 
changing world of DSP technology and 
its impact on product development 
across industries. The Advanced analog 
and mixed signal program features 
design techniques for the layout of 
mixed analog and digital boards that 


STEVEN H LEIBSON, EDITOR IN CHIEF 


840-5652. 


meet signal-integrity and performance 





requirements with high first-pass yields. 
The ASIC and EDA track explores DSPs as 
an integrated function to ASIC design 
techniques and methodologies that can 
be leveraged by complex EDA tools. Each 
track features general sessions, tutorials, 
case studies, technical seminars and 
keynote addresses. 

For additional information, contact 
Reed Exhibition Co, Norwalk, CT, (203) 


The following sample of products gives 
you a glimpse of the tremendous variety 
at the DSP* exhibits. 
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ASIC-emulation system runs at 
50 MHz. Software and hardware 
enhancements allow the System 
Explorer line of ASIC-emulation 
boards to pattern IC designs at 
speeds to 50 MHz. The software 
automatically partitions logic from 
synthesized VHDL and Verilog 
designs into the multiple field-pro- 


grammable gate ar-rays 
on the emulation 
board. After partition- 
ing, the product’s 
Automation Manager 
can perform place-and- 
route operations using 
a network of Unix 
workstations. This par- 
allel-processing 
approach can cut 
design-iteration time 
Oo Lees ete ee 
hour/cycle. Complete 
hardware/software versions of the 
System Explorer start at $40,000. 
Hardware-only “replicas” each cost 
$12,760. Aptix Corp, San Jose, 
CA. (408) 428-6200. Circle No. 456 


Three-chip set builds 40-Mbps 
QAM transmission system. The 


GC2011 digital filter chip, GC3011 
resampler IC, and GC3021 carrier- 
removal chip comprise a three-chip 
set. The chip set is capable of receiv- 
ing, equalizing, and demodulating 
quadrature amplitude modulation 
(QAM) signals at transmission rates 
to 40 Mbps. The chips cost $220, 
$143, and $107.60 (1000), respec- 
tively. You can use the GC2011 
alone to build a QAM transmitter. 
Graychip, Palo Alto, CA. (415) 
323-2955. Circle No. 457 


EDA tool targets multiprocessor 
DSP systems. Virtuoso Synchro is a 
system-level electronic-design- 
automation (EDA) environment for 
specifying and designing synchro- 
nous, multirate DSP applications 
for multiprocessor target systems. 
The $16,700 product runs under 
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Microsoft Windows or Sun Solaris. 
Applications for the tool include 
speech and audio processing, radar, 
image and video processing, and 
telecommunications. The product 
has board-specific support for the 
TMS320C40 DSP uP, and code 
ports are in progress for other 
processors, including Analog 
Devices’ 21020 and 21060, Texas 
Instruments’ 320C80, and Motoro- 
la’s 56000. Eonic Systems Inc, Lin- 
den, Belgium. (32) 16-62 15 85. 
Circle No. 458 





Fast, wide SRAM modules suit 
DSP applications. The vendor’s 
SRAM modules suit the width and 
speed needs of DSPs. The latest 
device, the 128kxX32-bit EDI8L 
32128, is packaged in a PLCC. This 
memory is available in 17-, 20-, and 
25-nsec versions. The 17-nsec ver- 
sion costs $234 (100). In addition, 
the company will soon announce 
12- and 15-nsec versions. Other 
available memories include the 
1MxX8-bit EDI8F81025C ($335 
(100) for a 70-nsec device, $614 
(100) for a 35-nsec device); the 
EDI9F81025C-BPC, which is a dual 
512kxX8-bit device ($369 (100) for a 
70-nsec device); and the 512kx32- 
bit EDI8F32512C, which is pack- 
aged in a 72-pin ZIP ($1386 (100) 
for a 35-nsec device). Electronic 
Designs Inc, Westborough, MA. 
(508) 366-5151. Circle No. 459 


JPEG compression software runs 
on the TMS320C3X. This software 
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BME Desicn Feature 


package performs discrete cosine 
transforms, quantization, zigzag 
scanning, run-length encoding, 
and Hoffman coding per the Joint 
Photographic Experts Group (JPEG) 
standard for still-image compres- 
sion and decompression. A source- 
code license costs $15,000, and an 
object-code license costs $9000. 
MultiDSP, Lomita, CA. (310) 985- 
4899. Circle No. 460 


ISA board carries two C31 float- 
ing-point DSPs. The PC-C31 Aruba 
is a $2495 ISA bus PC- 
expansion card with two 
40-MHz TMS320C31 float- 
ing-point DSPs, 2 Mbytes of 
zero-wait-state SRAM, and 
two high-speed RS-422 ser- 
ial ports. The SRAM is split 
into asymmetric banks, one 
per DSP. One bank contains 
1.5 Mbytes; the other con- 
tains 512 kbytes. In addi- 
tion, each DSP can access a 
dual-ported, 8-kbyte RAM. 
Software-development sup- 
port for either DOS 
or Windows includes a C 
compiler, an assembler, a 
linker, and an emulator. 
Ariel Corp, Highland Park, 
NJ. (908) 249-2900. 
Circle No. 461 


Numerical-analysis soft- 
ware runs on Power Mac- 
intosh computers. HiQ is a 
$695 numerical-analysis 
software package for data 
acquisition, instrument con- 
trol, numerical analysis, and data 
visualization. The software now 
runs on Apple’s Power Macintosh 
computers, which have two to eight 
times more performance than 
high-end Quadra Macs. The pack- 
age includes more than 600 math 
functions and a set of application- 
specific “problem solvers” and can 
generate 3-D graphs. The problem 
solvers can handle numerical inte- 
gration, expression evaluation, 
optimization, ordinary differential 


equations, polynomial roots, non- 
linear analysis, data fitting, inte- 
grals, and other complex mathe- 
matical problems. National 
Instruments, Austin, TX. (512) 
794-0100. Circle No. 462 


Development systems _ for 
ADSP2105 DSP start at $159. The 
ES series of development systems 
for Analog Devices’ ADSP210X 
DSPs comprises a development 
board, an assembler, example soft- 
ware, and utility routines, such as 
FFTs and DTMF encoding/decod- 
ing. The E5-1 includes the base 
processor, a boot ROM, and support 
circuitry on a 3.25-in.* pc board. 
The ES-2 adds 14 kbytes each of 
program and data RAM. The ES-3 
adds a prototyping area, and the 
ES-4 adds two 16-bit, 44.1-kHz ana- 
log I/O channels using Analog 
Devices’ AD1849 stereo codec. The 
Athena Group, Gainesville, FL. 
(904) 371-2567. Circle No.463 





VME card accepts two TIM-40 
and two IndustryPak cards. The 
$2650 TDMB424 is a VME carrier 
card with locations for two TIM-40 
DSP modules and two IndustryPak 
I/O cards. The TDM44x series of 
TIM-40 cards carries one or two 
TMS320C44 DSPs and up to 4 
Mbytes of SRAM or 12 Mbytes of 
DRAM. Prices for the TDM44x 
series start at $1495. Transtech 
Parallel Systems, Ithaca, NY. 
(607) 257-6502. Circle No.464 





So Much tor a Switch 


_ 


B 
Bee 
Bs 












Starting at just 3mm in 
size, Bourns squeezes in 
superior design flexibility, sea 


integrity for all your popular solder- 


Style ing and cleaning methods, above and 


seeeeeeeeee 


elow the board. 





Rotary 


seeeeeee 





Coded 


Bin partait 
EA BI ea 
tii 


panes 


sae 





Key 





seeeeeeee 


So, are you ready for a switch? Call Bourns today. 


Selector ao ae 


Pee eeereereererereehee 









LIBRARY 


Call 818 837-4341, account 411 
and request documents 7643,7644,7723,7743, 7744 
7813, 7814, 7823, 7829, 7835, 7906, 7914, or 7916 


Expanding Your Design Horizons. 


For applications assistance call: North America: (909) 781-2517; Europe: +353-21-357596; Asia: 81-3-3980-3313 
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DSP* 95 products 


Software invisibly weaves a digi- 
tal bit stream into analog PCM 
samples. The InvisiLink telecomm- 
software package merges a 4800- 
bps to 16-kbps bit stream into a 
standard PCM-encoded telecomm 
bit stream and separates the 
streams at the receiving end. The 
technique employs compression/ 
decompression algorithms and 
passes all signaling, voice, fax, and 
modem frequencies. InvisiLink is 
available for the TMS320C31 DSP 
and costs $500 per channel (1000) 
for the software and the 320C31- 
based IndustryPack modules (one 
per channel), which implement the 
algorithm. DSP Software Engi- 
neering Inc, Bedford, MA. (617) 
275-3733. Circle No. 465 


Free macro libraries fit 50-MHz 
FIR filters into FPGAs. The Xilinx 
advanced module is a set of FIR-fil- 
ter-macro libraries that provide 
building blocks for DSP applica- 
tions. The designs are for the com- 
pany’s XC4000 field-programma- 
ble-gate-array (FPGA) series. You 
can program the filters for lowpass, 
bandpass, or highpass operation 
simply by changing filter coeffi- 
cients. Filters built using these 
macros run much faster than soft- 
ware-based FIR filters running on 
conventional DSPs. Xilinx Inc, 
San Jose, CA. (408) 559-7778. 
Circle No. 466 


me 





ISA card carries two C44 DSPs 
and 2M words of SRAM. The PC44 
combines an instrumentation- 
grade 16-bit analog front end, one 
TMS320C44 DSP, and 2M words of 
32-bit SRAM. The board also 
accepts two TIM-40 expansion 
cards, and one TIM-40 card can 
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carry an additional C44. The ana- 
log front end comprises two 16-bit, 
400-kHz ADCs and four 16-bit, 256- 
kHz DACs. The $1995 board also 
carries 64 digital I/O lines, five 
counter/timers, and six bidirec- 
tional 20-Mbyte/sec communica- 
tion ports. Innovative Integra- 
tion, Westlake Village, CA. (818) 
865-6150. Circle No. 467 





TURE 


Intel-architecture DSP kernel and 
development system support 
native signal processing under 
Windows. The IA-SPOX product 
line delivers real-time system soft- 
ware and development tools for 
native signal processing or host- 
based DSPs. The $19,500 software- 
development kit provides you with 
the SPOX DSP real-time kernel; an 
implementation of the Microsoft 
resource-manager interface, called 
WinSpox; a native audio subsystem 
that provides full Windows audio 
services using a Pentium pP and a 
codec (a hardware card is included 
for development work); native 
audio libraries; an integrated 
debugger; C runtime libraries; and 
source-code examples. The IA- 
SPOX kernel license alone costs 
$12,000. Spectron Microsystems, 
Santa Barbara, CA. (805) 968- 
5100. Circle No. 468 


Windows-based development 


environment generates code for 


TI DSPs. Code Com- 
poser and Code 
Composer Plus are 
integrated visual- 
development envi- 
ronments for devel- 
oping and 
debugging code for 
the Texas Instru- 
Ments . (2x... C3x. 


C4x, and C5x DSPs. The packages 


are a hybrid of Microsoft’s Visual 
C++ compiler, signal probes and 
scopes for visual debugging at the 
block-diagram level, graphical- 
user-interface development tools, 
and conventional high- and low- 
level code debuggers. The packages 


support incremental compilation, 
and a graphical profiling feature 
helps you find code bottlenecks. 
Each package supports one TI DSP 
family and costs $1250 to $3000, 
depending on the number of tools 
in the package and the DSP family 
supported. Go DSP Corp, Toronto, 
ON, Canada. (416) 214-1919. 
Circle No. 469 


Soft coprocessor package exe- 
cutes fast 32-bit floating-point 
algorithms. Look-up tables help to 
accelerate the SCP32 mathematical 
subroutine libraries in the Soft 
coprocessor line to speeds compa- 
table with and sometimes faster 
than hardware floating-point units. 
The libraries’ functions include 
basic arithmetic, data conversion, 
logarithmic and exponential func- 
tions, powers and roots, and 
trigonometric and hyperbolic func- 
tions and inverses. Linkable object 
modules are available for the Intel 
x86, the Motorola 68000, the Fujit- 
su 930, the Sun SPARC, and the 
Hewlett-Packard precision-archi- 
tecture pPs. Single-copy develop- 
ment licenses (without a produc- 
tion license) cost $135. Log Point 
Technologies Inc, Mountain 
View, CA. (415) 967-3974. 

Circle No. 470 


$89 development kit paves the 
way for the ADSP-2181 16-bit, 
fixed-point DSP with 32k words 
(80 kbytes) of on-chip RAM. The 
ADSP-2181 EX-Kit Lite consists of 
an evaluation/demo board with 16- 
bit stereo-audio I/O, an assembler, a 
linker, a PROM splitter, and a 
simulator. The ADSP-2181 DSP 
combines the ADSP-21xx architec- 
ture with 16k 24-bit words of 
on-chip program memory and 16k 
16-bit words of on-chip data 
memory for a total of 80 kbytes of 
on-chip RAM. The company will 
also show several new members of 
the ADSP-21xx DSP family at the 
show. Analog Devices, Norwood, 
MA. (617) 461-3881. 

Circle No. 471 
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The British Railways Board 
invites organisations to register 
their potential interest in buying 
Signalling Control U.K., an 
independent business unit within 
British Rail formed from the 
former Signalling Projects Group. 
Signalling Control U.K. offers an 
integrated range of railway 
signalling consulting and 
contracting services including: 


e Signalling scheme development 
consultancy 

e Design of new systems and 
alterations to existing systems 

e Project management and 
engineering 

e Testing and commissioning 

e Electronic systems application 
design 

e Site management 

e Installation of signalling systems 

e Safety case studies 


Signalling Control U.K. has forecast 
turnover for the 12 months to 31 
March, 1995 of some £37 million 
which includes fee income of some 
£31 million. Most of Signalling 
Control U.K.’s revenues come directly 
or indirectly from Railtrack. The 
business has a forecast staff level of 
some 680 at 1 May 1995. 


HILL SAMUEL 


ones 
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Signalling Control U.K. has its 
headquarters in Croydon and 
operational units in Birmingham, 
Croydon, Glasgow and York. The 
Croydon office also manages a unit 
at Swanley which is responsible for 
site management, installation of 
signalling systems and associated 
technical support. 


This is an opportunity to purchase 

a business with important specialist 
skills in the design and implementation 
of “stageworks” for the live railway 
covering a range of equipment from 
mechanical interlocking to state-of- 
the-art solid state systems. Signalling 
Control U.K. also has a comprehensive 
knowledge of the practical safety 
issues associated with working on 

a live railway and an extensive 
experience of the existing railway 
infrastructure in Great Britain with its 
wide ranging ages of signalling 
systems. 


This advertisement is issued by 
the British Railways Board and 
has been approved solely for the 
purpose of Section 57 of the 
Financial Services Act 1986, by 
Hill Samuel Bank Limited, a 
member of The Securities and 
Futures Authority. 


CIRCLE NO. 198 























Interested parties 
should contact: 
The Commercial 
Department 
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British Railways Board 
Drayton House 

30 Gordon Street 
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Tel: +44 171 383 4966 
Fax: +44 171 383 5715 


DSP*’95 products 


Dual C40 development system 
for the PC includes a Windows- 
based multiDSP debugger. The 
Slalom-40 development system 
teams one or two TMS320C40 DSPs 
from Texas Instruments with up to 
1 Mbyte of SRAM on an ISA card. 
The package includes the compa- 
ny’s new Windows-based Vista-MP 
multiprocessor debugger for DSPs. 
Vista-MP includes a uniprocessor 
DOS debugger, a multiprocessor 
Windows debugger, a parallel 
debug manager, and sample config- 
uration files. The Slalom-40 costs 
$4995 for a one-processor board 
with 64 kbytes of SRAM and $5995 
for a two-processor board with 64 
kbytes of SRAM per processor. 
Vista-MP costs $795 when pur- 
chased with the company’s Moun- 
tain-510 emulator. For users of TI’s 
XDS-510 emulator, Vista-MP costs 
$1295. White Mountain DSP, 
Nashua, NH. (603) 883-2430. 
Circle No. 472 


Buyer’s guide details DSP design 
tools and methodologies. The 
1995 edition of DSP Design Tools 
and Methodologies: The Buyer’s 
Guide reports on more than 350 
currently available DSP-develop- 
ment tools. The 800-pg book con- 
tains evaluations of these tools, and 
a companion volume discusses DSP 
design, indicating where the vari- 
ous tools fit in the process. $3850. 
Berkeley Design Technology Inc, 
Fremont, CA. (510) 791-9100. 
Circle No. 473 


C compiler and development sys- 
tem for TI’s C3x and C4x DSPs 
generate faster code. According to 
the vendor, the Tartan C develop- 
ment system generates code for the 
TI C3x and C4x DSPs that is 21% 
faster than the most popular com- 
petitive offering. The $1495 pack- 
age includes an optimizing a com- 
piler, a runtime library, a linker, an 
assembler, and utilities. Tartan 
C/C++ generates the same tight 
code and allows you to code in C++. 
The device costs $2995. A $795 
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debugging-tool package is also 

available. Tartan Inc, Mon- 

roeville, PA. (412) 856-3600. 
Circle No. 474 





Module family ties as many as 16 
VME slots with as much as 1280 
Mbyte/sec aggregate bandwidth. 
Four additions to the Raceway 
Interlink module family can link as 
many as 16 VME slots to form an 
“interconnection fabric” with an 
aggregate bandwidth of 1280 
Mbytes/sec. The modules plug onto 
a VME backplane, across one or 
more slots, over the P2 connector. 
Crossbar switches on the modules 
can connect logical channels 
between the slots at 70 Mbytes/sec. 
The ILK8, ILK12, and ILK16 mod- 
ules span eight, 12, and 16 slots and 
cost $9900 to $13,200. An ILK1 
module allows connection among 
VME backplanes at 160 Mbytes/sec. 
Mercury Computer Systems Inc, 
Chelmsford, MA. (508) 256-1300. 

Circle No. 475 


V.17 fax protocol added to data- 
communications library. The 
manufacturer has added the V.17 
fax-modulation protocol to its 
SWMOD-101 data-communica- 
tions library. This fax protocol sup- 
ports transmissions at 7200 to 
14,400 bps. The library also 
includes the V.21 channel 2, 
V.27ter, V.29, and V.33 fax proto- 
cols; the V.21, V.22, V.22bis, V.23, 
V.32, and V.32bis data-modem 
protocols; and the Bell 103, 202, 





and 212 data-modem protocols. 
Currently, the library runs on 
Analog Devices’ ADSP-21xx DSPs. 
The company plans to have the 
BOLary available for Texas Instru- 
: ments’ and Motorola’s 
DSPs by the DSP* confer- 
ence. The library is avail- 
able for a fixed fee of 
$25,000 to $200,000 or on 
a royalty basis, with prices 
typically set at $15 to $25 
per unit. Vocal Technolo- 
gies Ltd, Buffalo, NY. 
(716) 688-4675. 

Circle No. 476 


Dual-channel, 10-bit 
ADC board for the VME- 
bus operates at 70 MHz. The 
Model 6472 VME board incorpo- 
rates two of Analog Devices’ 9060 
10-bit ADCs for dual-channel, 70- 
MHz operation. Access to the digi- 
tized samples is through two front- 
panel connectors, saving 
bandwidth on the VMEbus. Each of 
the board’s analog inputs accepts a 
+1V full-scale signal and is termi- 
nated in a 50Q, SMA connector. A 
buffer amp delivers the signal to the 
ADC through a high-order Cheby- 
shev antialiasing filter, limiting the 
input signal to approximately 30 
MHz. The sample-clock generator 
operates at 25, 50, and 70 MHz, or 
you can supply an external clock 
through a third front-panel SMA 
connector. The board costs $7995. 
Pentek Inc, Norwood, NJ. (201) 
767-7100. Circle No. 477 


Butterfly DSP takes over the 
Sharp LH9124 DSP and associat- 
ed products. Butterfly DSP is now 
handling product development 
and worldwide marketing of the 
Sharp LH9124 DSP. The chip, 
renamed the BDSP9124, has been 
placed in a ball-grid-array package 
and costs $490 (10,000). Develop- 
ment systems and faster parts will 
be available this year. Butterfly 
DSP Inc, Vancouver, WA. (360) 
892-5597. Circle No. 478 
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NABLING |ECHNOLOGY. 


Its the laptop of your customers’ dreams. Yet its not pie-in-the-sky. Sony has the guts — the enabling technology - 
lor you to breakthrough now. Simply, Sony parts will make it go faster, remember more, comm 


use less power, both take and show video pictures, playback, decompress MPEG-] CD-ROM images. and ev 
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DSP* 95 products 


Enhanced stream-driven DSP 
simulator generates behavioral 
HDL code. Release 6.7 of the COS- 
SAP stream-driven simulator for 
DSP development can generate Ver- 
ilog descriptions and instantiate 
components from Synopsys’ 
DesignWare library. The simulator 
includes direct links to the compa- 
ny’s behavioral-compiler package 
and optional DSP development kits 
for co-simulation with the TI Cox 
and the AT&T 1610 DSPs. The basic 
COSSAP version 6.7 stream-driven 
simulator costs $29,000. The COS- 
SAP HDL code generator with 
behavioral and register-transfer- 
level support costs $7500, and the 
DSP development kits each cost 
$7500. Synopsys, Mountain View, 
CA. (415) 962-5000. Circle No. 479 


$600 DSP-C31 development sys- 
tem supports TI C31. The devel- 
opment system includes an ISA 
card with a TMS320C31 DSP, 32k 
words of 32-bit-wide SRAM, and a 
14-bit codec (TLC32044) with 
input and output amps for the ana- 
log channels. Software includes an 
assembler and a symbolic debug- 
ger. Domain Technologies Inc, 
Plano, TX. (214) 985-7593. 

Circle No. 480 


Mistral 1 and 2 support Verilog 
synthesis. Mentor Graphics has 
added Verilog output to its Mistral 
1 and 2 high-level DSP synthesis 
tools. The products previously 
emitted only VHDL. The tools are 
part of the company’s DSP Station 
suite of DSP development tools. 
Mentor Graphics, Wilsonville, 
OR. (503) 685-7000. Circle No. 481 


ISA board carries C32 floating- 
point DSPs and accepts two 
daughtercards. The C32 (Lough- 
borough’s PC/C32) real-time-sys- 
tem board loads a 50-MHz C32 
floating-point DSP with two banks 
of SRAM and a pair of daughtercard 
sites onto an ISA card. SRAM banks 
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O and 1 can hold up to 128kx32 
bits and 512kx32 bits of memory. 
The board contains a socket for a 
32-kbyte boot EPROM. The board's 
two daughtercard sites accept ana- 
log and digital I/O cards. The prod- 
uct is available from Spectrum Sig- 
nal Processing and Loughborough 
Sound Images. Spectrum sells the 
card starting at $1495, depending 
on memory. Spectrum Signal Pro- 
cessing Inc, Burnaby, BC, Cana- 
da. (604) 421-5422. Circle No. 482 
Loughborough Sound Images 
Pic, Loughborough, Leicester- 
shire, UK. (44) 0 509 634300. 
Circle No. 483 





Master development board fea- 
tures the C80 MVP DSP. The Mas- 
ter development board, the TI 
TMS320C80 MVP, is a 2-BOPS (bil- 
lion operations/sec) multiprocess- 
ing DSP. The board contains up to 
24 Mbytes of SRAM, as many as 
four 330-Mbps serial links, a video 
controller, 4 Mbytes of VRAM, a 
512-kbyte EPROM, and two 64-bit 
PCI expansion connectors. For soft- 
ware development, the board con- 
nects to a Sun workstation through 
a TI XCS-510 emulator using its 
Joint Test Action Group emulation 
port. The board costs $6950 to 
$11,480, depending on configura- 
tion, plus $390 per megabyte of 
SRAM. Wintriss Engineering 
Corp, San Diego, CA. (619) 550- 
7300. Circle No. 484 


Multichannel TIM-40 image-pro- 
cessing module accepts line-scan 
inputs. The MDC4OIL line-scan 
image-processing module accepts 
signals from one digital or four syn- 
chronous analog line-scan cameras 
and employs a C40 DSP for image 
processing. The device digitizes the 
incoming video at software-pro- 
grammable rates to 20 MHz. The 
card also accepts as much as 512 
kbytes of SRAM and 16 Mbytes of 
DRAM for large image-processing 
applications. The card plugs into a 
standard TIM-40 socket but physi- 
cally requires two adjacent TIM-40 
sites. The product is available from 
Spectrum Signal Processing and 
Loughborough Sound 
Images. Spectrum sells the 
card starting at $5245, 
depending on memory. 
Spectrum Signal Process- 
ing Inc, Burnaby, BC, 
Canada. (604) 421-5422. 

Circle No. 485 
Loughborough Sound 
Images Plc, Loughbor- 
ough, Leicestershire, UK. 
(44) 0 509 634300. 

Circle No. 486 


Parallel C version 2.0 for 
the C40 debuts. 3L has 
announced the latest ver- 
sion, 2.0, of its $4500 Parallel C 
compiler for the C40 DSP. 3L Ltd, 
Edinburgh, Scotland, UK. (44) 31 
662 4333. Circle No. 487 


VxWorks RTOS now available for 
DSP work. CSPI has ported Wind 
River’s VxWorks development envi- 
ronment and multitasking real- 
time operating system to its i860- 
based SuperCard-4. Single-user 
pricing for the VxWorks/Supercard 
C development package starts at 
$19,300. CSPI, Billerica, MA. 
(508) 663-7598. Circle No. 488 


Gate Array Pain 





Small sale alTays oiving YOU big headaches? We’ve seen the symptoms before ... 


You need custom chips fast, but not 50,000 gates and $30,000 in NRE charges. Your ASIC manufacturers are phasing out most of their low- 
density, small gate arrays, while boosting minimum buy quantities, prices and lead times on the leftovers. And you’re open to ideas ... because without these 


parts you'll be shut down. 


Don’t reach for the aspirin. Reach for the phone. HAMILTON HALLMARK has a fast, cost-effective solution from 
Xilinx ... price-competitive Xilinx 3000, 4000 and 5000 Series FPGAs delivered in volume and to your schedule. New technology advances 
have made reprogrammable FPGAs and their hardwired derivatives smaller, faster and more price-competitive ALTERNATIVES for many applications previously 


limited to ASICs. 


Why ale YOU still holding your head? Oh, you also need help converting your existing design or creating 
a new one. No problem. Buy Xilinx FPGAs from HAMILTON HALLMARK and you get the technical support of our ASIC Design Center 


specialists — experienced engineers who have completed over 800 custom designs for our customers using the latest hardware and software design tools. 


Want to do your own design, but need to optimize your Xilinx design tools? check out one of 
Hamilton Hallmark’s regional, hands-on design seminars taught by Xilinx-accredited trainers. Class sizes are strictly 
limited so you get the PERSONAL ATTENTION your design needs. 


Stop the mental madness. ¢ALL HAMILTON HALLMARK for more information, or to discuss your application with a design 


engineer. You’ll feel much better. 


800-605-3294 ext. H55 
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FAX HOTLINE INFORMATION 


Germany (49) 89-291-3603, U.K. (44) 1959-562800, France (33) 1-60-46-0071, Italy (39) 2-8246-189, Sweden (46) 8-6266711, Benelux ( 
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where multimedia was going 


before it did. 


You know where multimedia is going, too. 

Into most everything you're designing. From 
networking products, desktop PCs and telecommuni- 
cations systems to home computers, interactive TV, 
public information display systems and kiosks. 

At Fujitsu Microelectronics, we saw all this 
coming years ago and have been investing in multi- 
media technology ever since. Which means we have 
a considerable lead over our competitors. A lead you 
can turn into a lead of your own. 

Fujitsu, for instance, has developed a family of 
ATM chips (with chip sets for a variety of applications) 
that enable your products to transfer massive amounts 
of multimedia data at speeds up to 155 Mb per second. 
Many times faster than Ethernet. 

To provide high performance graphics and audio 
in workstations and supercomputers, we’ve developed 
a new generation of SDRAM including the world’s 
first 64Mb SDRAM* 

To get a completely different view of multimedia, 
take a look at our brilliant new color plasma display. 
It’s a 21-inch (larger formats are on the way), 640 x 480 


resolution, flicker-free display that’s a mere 35mm 


thick. It’s already being used in selected corporate appli- 


cations. And we’re sure you can think of others (wall- 
mounted TV and public information display systems 
may come to mind). 

So if you’re working with multimedia, perhaps 
you should be working with Fujitsu, too. And wherever 
multimedia goes, we’ll both get there first. 


CIRCLE NO. 74 
COMPUTERS, COMMUNICATIONS, MICROELECTRONICS 


*Announcement of the development of the 64 Mb SDRAM was made at ISSCC ‘91. 


FUJITSU LIMITED (Electronic Devices Sales Promotion & Marketing Dept.): 
Tokyo MI Bldg. 2-2-4 Higashi-Shinagawa, Shinagawa-ku, Tokyo 140, Japan Phone: (81) 3-5479-7616, Fax: (81) 3-5479-8528/8529 








A picture is worth a thousand points 
in a time interval measurement. 
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The SR620 brings graphic statistical analysis Of course, the SR620 does everything else you'd 


to time interval and frequency measurements. 
The SR620 shows you more than just the mean 
and standard deviation - multimode frequency 
distributions or systematic drift for example. 
Histograms or time variation plots are displayed 
on any X-Y oscilloscope, complete with 
Autoscale, Zoom, and Cursor functions. 
Hardcopy to plotters or printers is as easy as 
pushing a button. 





expect from a high resolution universal counter, 
such as frequency, period, time interval, pulse 

width, rise / falltime, and phase measurements. 
The SR620 offers 25 ps single-shot time and 11 
digit frequency resolution and complete statistical 


analysis, all for a fraction of the cost of comparable 


instruments. 


For the whole picture, call SRS and ask about the 
SR620. 


$R620 $4500 


¢ 4 ps single shot least significant digit 

¢ 25 ps rms single shot resolution 

¢ 1.3 GHz maximum frequency 

¢ 10° Hz frequency resolution 

¢ Sample size from | to 1 million 

¢ Frequency, period, time interval, phase, 
pulse width, rise and fall time 

¢ Statistics - mean, standard deviation, 
min max, and Allan variance 

¢ Analyzer display on any X-Y oscilloscope 

¢ Hardcopy to printer or plotter 

¢ GPIB and RS232 interfaces 

¢ Optional oven timebase 





STANFORD RESEARCH SYSTEMS 


CIRCLE NO. 58 





1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408) 744-9040 FAX 4087449049 


Gain control .. 
BUCS SHICON 


If you think circuit gain adjustment is 
just an annoying artifact from the 
predigital era, think again. A properly 
ranged signal is still necessary for max- 
imizing system S/N ratio, for matching 
source and load, and for reducing error 
rates and distortion. Many systems 
need gain or parameter adjustment for 
a variety of functions—from control- 
ling volume, screen brightness, and fil- 
ter settings to automatically maintain- 
ing system performance during 
changing conditions. 

The implementation of gain control 
has changed, however. Traditional 
mechanical trimming potentiometers 
face a strong challenge from their sili- 
con equivalent, digital, or electronic, 
trimmers. Digital trimmers offer flexi- 
bility, reliability, freedom from 
mechanical hysteresis, and compact- 
ness compared to their electro- 
mechanical predecessors. But, differ- 
ences among vendors in internal 
architecture, specifications, and inter- 
facing make it difficult to choose the 
“best” device for your application (see 
Table 1). 

» Also, applying an active component 
to replace a passive trimming poten- 
tiometer is not a simple swap. The dig- 
ital trim also involves a new set of para- 
meters, including volatility, power- 
handling, and noise. As a result, you 
may want to delay jumping on the dig- 
ital bandwagon. Consider alternative 
approaches, such as mechanical trim- 
mers (see box, “Don’t ignore the 
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TECHNICAL EDITOR 


Increasingly, ICs are replacing mechanical potentiometers for 
gain control, providing both flexibility and compactness. How- 
ever, you must choose carefully from among available architec- 
tures. Incompatibilities, limitations, and unique architectures 


complicate the final choice. 


mechanical trimmer”) and multiplying 
DACs (see box, “MDACs: another alter- 
native”). 

Fortunately, electronic trimming 
via digital pots opens new approaches 
to solving traditional calibration 
issues. You can perform automated sys- 
tem calibration, both on power-up and 
during system operation. But you 
should also view calibration and 


CONTROL 
LOGIC, 
LATCHES, 
AND DECODER 


adjustment in a new light, because dig- 
ital pots provide more—and more 
accessible—adjustment points than do 
mechanical devices. If you use digital 
devices to their maximum potential, 
you can put “operator adjustment,” 
“opportunity for misadjustment,” and 
“excessive tweaking” on your list of 
former problems. 

The core of a digital pot comprises a 





A digital pot comprises a string of resistors with FET switches, controlled by 
onboard logic and decoders, between each resistor pair. 
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DIGITAL ICs 


series string of resistors, 
with the connections 
between resistors tapped 
to a wiper via an FET 
switch (Fig 1). Relatively 
simple control logic man- 
ages the necessary switch- 
ing. As you turn the 
switches on and off, you 
observe the same effect as 
that of a wiper’s changing 
resistor positions or turns 
to reach a desired tap. 
Digital pots offer some 
obvious advantages over 
mechanical trimmers. For 
example, the _ digital 
devices lack moving parts 
and offer greater mechani- 
cal ruggedness and vibra- 
tion resistance. They come 
in standard DIP or surface- 
mount IC packages, and 
you can install them with 
standard equipment and 
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Xicor’s nonvolatile X9312, with 99 resistors (100 positions), has three control lines: an up/down 
line for setting increment direction, a line for stepping, and a chip select. 


handle them as you would any other IC. 
The advantages go beyond the basic 
package and ruggedness, however. Dig- 
ital pots are available in 2-mm-high 


packages, making them compatible 
with low-profile formats, such as PCM- 
CIA Type I cards. In addition, 1-mm- 
high TSSOPs will be available soon. Sin- 


gle, dual, and quad digital pots in a sin- 
gle package also make maximum use of 
limited pc-board space. 

Digital pots also change the way you 


TABLE 71—REPRESENTATIVE DIGITAL POTENTIOMETERS 
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design trims into a circuit. A tradition- 
al approach groups multiple trims at 
one board edge for convenient operator 
access, except what is convenient or 
necessary for an operator often 
degrades circuit performance and takes 
up board space. With digital pots, 
instead of placing the trim to ensure 
reasonable access for the person doing 
the trimming, you can place the trim 
close to its associated circuit. This 
approach yields better signal-integrity 
maintenance, reduced noise pickup, 
and reduced use of the board space a 
mechanical trim requires to run tracks 
to remote trims. 

The direct approach to using a digi- 
tal pot to replace a mechanical poten- 
tiometer is on a one-for-one basis. 
Before you do that, carefully study the 
specs of these active devices to see how 
they differ from mechanical trimmers. 
Equally important, think about how 
you use trims to see if using a software- 
controllable trim changes the way you 
achieve your performance goal in the 
circuit. 

For example, you no longer need 
compromise the performance to avoid 
complex or iterative trim sequences. 
Unlike a test operator or technician, 
these sequences don’t irritate the algo- 
rithm that controls them. Similarly, 
you need not reduce trim-adjustment 
locations solely to reduce operator test 
and trim time if an extra trim would 
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The DS1287 lands sonvnlagle Je DS1867) f festive an internal ai nialtiptexbs so that its 
two channels can be “stacked” to provide twice the resolution of either channel. 


provide performance benefit. You can 
design a circuit that will more easily tol- 
erate system test and calibration on the 
production floor. Finally, the ability to 
trim and set gain, offset, and operating 
points during circuit operation means 
that you can design a circuit that adapts 
to changing conditions and configures 
itself under software control for best 
performance in the signal path. 


Not drop-in replacements 

Digital pots need power to operate, 
sO you must consider some complex 
issues, such as how they retain and 


restore wiper settings when you remove 
and reapply power. Vendors offer vari- 
ous solutions. For example, the 100- 
step Xicor X9312 digital pot has built- 
in nonvolatile, electrically erasable 
memory (Fig 2). You can set the device 
to retain the last wiper position when 
you remove power and restore it when 
you apply power. Alternatively, you can 
set the device to power up to a preset 
value. This approach would suit appli- 
cations in which the device controls 
audio volume, for example, so that 
sound level doesn’t come up at full 
blast when you restore power. Similar- 


DON'T IGNORE THE MECHANICAL TRIMMER 


Mechanical trimming potentiometers, available from such d 
vendors as Bourns and Spectrol, have served circuit designers 


well for decades. A single-turn pot provides. resolution, which 
differs from repeatability, of about 0.05%, or one in 200 parts; 
multiturn pots offer greater resolution. Before you rush out to 
replace a trimmer with a digital pot, consider some of the 
virtues of this old friend. 

For example, trimmers come in a range of eles from a few 
ohms to megohms, and their power-handling capabilities are 
limited only by how much space your circuit has. They also 
provide flexibility: You can easily change your design’s installed 
resistance value. Further, mechanical trimmers can withstand 
greater overloads and common-mode voltages than do digi- 
tal pots; the circuit supply voltage puts less constraint on the 
mechanical devices’ signal level. 

In addition, because of their lower parasitic capacitance, 
mechanical trimmers generally have wider bandwidths than 
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i ou can. also adjust mechanical trimmers with- 
out operating-system software, drivers, or debuggers. All you. 
need do is apply power and signal to your circuit and monitor 
a test point with appropriate equipment, such as a scope or 
meter. This approach i is convenient for adjusting an analog-sig- 
nal chain for gain/ofiset/range parameters or for setting up an 
analog filter. 

By measuring resistance with a meter, you can easily deter- 
mine whether a mechanical trimmer is working properly. You. 
need no applied power or software. In addition, you need not 
worry about your software’s changing a setting that you 
set for the lifetime of the equipment. Also, application softwa 
does not have to manage settings.  . 

Unlike digital pots, nearly every mechanical device i avail | 
able from several second sources. Finally, because trimmers are 
nonvolatile, they avoid all the power-on and write-cycle i issues. 
of digital pots. 
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ly, the Analog Devices AD8402 series 
and the Dallas Semiconductor DS1668 
series power up at vendor-preset posi- 
tions. 

Not all applications require non- 
volatile storage of the wiper setting. To 
meet these needs, Dallas Semiconduc- 
tor offers both volatile and nonvolatile 
devices; for example, the DS1867 is the 
nonvolatile version of the DS1267 256- 
position dual digital pot. Analog 
Devices minimizes digital pot com- 
plexity and cost by assuming that you 
can use some other nonvolatile memo- 
ry in the your system. 

As always, you must make the trade- 
offs in component cost, allocation of 
power-up functions (system software vs 
the IC’s transparent internal memory), 
and desired power-up condition (using 
the last pot setting, a software-defined 
value, or a trimmer-defined neutral, or 
midscale, setting). For digital pots with- 
out internal memory, consider the 
implications on your production or 
field-test operation when you store the 
trimmer setting in a component that is 
physically separate from the trimmer IC. 
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Consider the application and the 
number of times the setting of the trim- 
mer will change and, thus, require stor- 
age. The EEPROMs in digital pots per- 
form 50,000 to 100,000 writes, 
probably enough for most applications, 
and data retention is more than 100 
years—well beyond the equipment’s 
lifetime. 

Vendors and models offer different 
approaches to how and when to store 
the pot settings—another source of 
potential confusion and functional 
incompatibility. You can set the Xicor 
X9511 to store the current setting 
whenever you remove power; you can 
also set the device to store any changes 
in wiper setting as they occur. The Dal- 
las Semiconductor DS1869 uses a dif- 
ferent approach: It automatically stores 
a new setting if the change is greater 
than 12.5% of the total resistance 
range. 

Also, consider what you want to hap- 
pen if you shut down power while the 
wiper position is changing. Should the 
memory retain the last “valid” position 
(when a time-out indicates that the 


wiper has stopped moving), or could 
you inadvertently show some indeter- 
minate value? Finally, watch how your 
power supply drops when you remove 
power. For the EEPROM to automatical- 
ly store on power-down, the rail must 
drop slowly enough so that there is 
time to both sense the drop and to per- 
form the write cycle. Carefully check 
the data sheets and your design to 
ensure that the power-supply drop-off 
rate meets the specification. 


Pick a value, but not any value 

Unlike mechanical trimming pots, 
digital pots don’t offer a large span of 
full-scale-resistance values. You must 
properly scale your associated circuitry 
to make maximum use of a digital pot’s 
values. All vendors offer 10-, 50- and 
100-kQ nominal values; Xicor also 
offers some 1- and 2-kQ units. 

You must also consider resolution. 
Vendors specify digital pots by the 
number of distinct positions, or taps, 
they provide. This number ranges from 
32 to 256, and some devices, such as the 
Dallas DS1287 or DS1867, can cascade, 


MDA Cs: ANOTHER ALTERNATIVE 


Multiplying DACs (MDACSs) are functi 


reels for amplifiers, as well 


pots, providing a phen buffered output 
tal setting of the DAC input. ‘Rather than ‘a 


assign weights on the input signal. MDACs take a variable sta- 
tic or dynamic external analog signal as their reference instead 
of using a fixed reference value to the R-2R ladder. Most 
MDACs buffer the input aswell. ts” 

MDACs can support either te aude ihohinlieton 
with the input spanning from negative to positive and the con- 
trol signal positive only, or four-quadran 
the input and control both spanning negative to positive. 
MDACs offer resolutions of 8, 12, 14, and even 16 bits. Tradi- 
tionally, MDACs were available only with parallel interfaces, 
but many new units feature serial interfaces for smaller pack- 
age size, as well two, four, and eight channels in a single IC. 
Most MDACs let you set the output buffer to provide gain and 
attenuation. 

As voltage- or current-output devices, MDACs would not 
suit an application requiring variable resistance. However, you 
may consider them for applications controlling or setting a 
voltage or current value. These applications include control- 
ling programmable power supplies, establishing dc or bias 
conditions for op amps, adjusting digitally controlled analog 
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dB, along with mute. You control the device with a three-wire 
serial interface that you can daisy-chain to as many ICs as nec- 
essary. 

Other MDACs, such as the Maxim MAX532, are 12-bit 
devices for dc-level setting, which you can use for controlling 
programmable power supplies and in other test applications. 
These devices emphasize dc specs, such as integral nonlinear- 


ity, gain TC, settling time, and guaranteed monotonicity over 


temperature. However, some, such as the AD7845, also pro- 
vide ac specs, including full- and small-signal bandwidth, , 
along with THD. 
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or stack, digital pots to achieve greater 
resolution, with 256 taps achieving 
approximately 0.4% resolution (Fig 3). 
But many applications, such as setting 
screen brightness or adjusting an ana- 
log signal-path gain range, don’t 
require high resolution, and 32 taps 
may be enough. 

The steps between taps also need not 
be linear. Both Xicor and Dallas offer 
log steps for applications, such as audio 
volume, having wide dynamic ranges 
in the signal. The Dallas Semiconduc- 
tor DS1802 features 64 steps with 1- 
dB/step log taper; the Xicor X9514 has 
32 log steps. 

Just as with any other pot, you can 
use these digital pots in two modes: 
three-terminal, voltage-dividing, or 
ratiometric, potentiometer mode or 
two-terminal, simple-resistor, rheostat 
mode. When using the pots as a rheo- 
stat, tolerance from nominal can reach 
20%. However, many applications, 
especially those using the pots as volt- 
age dividers, don’t require low toler- 
ance. 

Designing with digital pots also 
offers good channel-to-channel match- 
ing on multiple-channel devices. For 
example, the Analog Devices AD8402 
family has 1% matching. Digital 
devices also provide good matching 
temperature coefficients: Although 
rheostat’s temperature coefficients of 
resistance (TCRs) can reach S00 
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ppm/°C, those of resistive dividers can 
be as low as 15 ppm/°C. 


Setting the values you want 

You can set a digital pot’s value 
through a processor interface or a 
“switch-closure” interface. Processor 
interfaces are serial to minimize inter- 
connection requirements for clock, 
data, and chip select. Interfaces and 
timing differ, however, reducing your 
design’s ability to accommodate multi- 
ple sources. Maximum clock rates range 
from 1 to 10 MHz, so you must provide 
a corresponding clock in your system. 

Most digital pots use internal, non- 
volatile memory as “shadow” memory, 
which transparently saves new settings 
by sensing the power-down transition. 
Others use the system processor to 
write to an EEPROM register, which, in 
turn, controls the wiper; this approach 
has more complex system timing and 
protocol requirements. Some Xicor 
devices support a bidirectional mas- 
ter/slave protocol over the serial data 
line. In this approach, the digital pot 
acts as a slave to acknowledge hand- 
shaking to the master CPU to verify 
that it received valid data. 

Serial interfaces can be absolute-posi- 
tion or up/down versions. In absolute- 
position interfaces, you load a word 
with the desired wiper-position num- 
ber. In up/down interfaces, you select 
up or down mode and issue pulses to 
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step the wiper through succeeding 
positions. Digital pots having multiple 
channels on one IC reserve extra data 
bits to indicate which internal channel 
is being addressed. 

You can daisy-chain some serial 
absolute-position devices via a data-out 
signal connected to the data in the sig- 
nal of the next device. This lets you 
control a virtually unlimited number of 
pots via just three wires, and double- 
buffered latches prevent the pots from 
responding to transitional data bits. 

However, a processor algorithm does 
not make all trims and adjustments in 
a circuit. For example, users typically 
set screen brightness and volume con- 
trol. In these cases, you may not want 
to involve a processor in the adjustment 
loop such that the processor would 
have to interpret a user’s finger action 
and send a corresponding command to 
the affected part of the circuit. 

Switch-closure interfaces suit appli- 
cations, such as volume, brightness, 
and temperature control, requiring 
hands-on adjustment. In these applica- 
tions, changing the resistor value 
directly affects the final signal you want 
to control, independent of a processor 
action or software. Both Dallas Semi- 
conductor and Xicor offer units with 
debounced lines for the up and down 
pushbutton connections. The Xicor 
X9511 PushPot and its log-taper sib- 
ling, the X9514, exemplify digital pots 
that let users directly set a value via two 
pushbuttons. 

Consider what your design can toler- 
ate while a wiper is changing. Because 
digital pots include on/off switches 
that connect each resistive element, 
consider what happens if one switch 
makes or breaks before the next switch 
breaks or makes. Momentary glitches 
occur when the apparent resistance 
value suddenly makes a large step 
before settling to the desired value. 
Again, this consideration may be irrele- 
vant in such applications as brightness 
control. However, in other applications, 
such as channel gain ranging, such 
glitches can cause signal overrange and 
input saturation, which you must 
accommodate via suitable timing. 
Some new devices, such as the Analog 
Devices AD8402 series, contain circuit- 
ry to minimize any glitches inherent in 
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switched-resistor designs. 
The Dallas Semiconductor 
DS1801 for audio features 
zero-crossing detection cir- 
cuitry, which eliminates 
“zipper” noise by allowing 
the wiper to move only dur- 
ing moments of no audible 
signal. 

The trend toward lower 
voltages and power has 
reached these digital com- 
ponents. Some devices 
operate on single 3 to SV 
supply; others, on dual +3V 
supplies. Current consump- 
tion in active mode has 
dropped from 10s of mil- 
liamps to just a few mil- 
liamps. 

Some new devices con- 
sume just a few microamps 
when in shutdown or 
standby mode, which dif- 
fers from power-off mode. 
For example, you can put 
the AD8402 series (Fig 4) 
into shutdown mode via a 
control pin. The pin makes the device 
open one of its internal resistor-string- 
end terminals while shorting the wiper 
to the other terminal and while retain- 
ing the wiper setting in internal latch- 
es for use when leaving shutdown 
mode. As a result, the only current con- 
sumption is a 5-ywA leakage in the resis- 
tance string. 

Typically, you need not worry about 
a mechanical trimmer’s wiper. With 
digital pots, though, you must limit 
wiper current to less than 1 mA. You 
must also consider wiper resistance, 
which can range from 40 to several 
hundred ohms. Higher wiper resistance 
reduces temperature stability and 
bandwidths. 

You must also limit the applied sig- 
nal span. Typically, you have to keep 
the maximum analog signal across the 
ends of the resistor string within the 
supply voltage, with a little extra head 
room. Xicor’s X9312 allows 0 to 15V 
across its terminals from a 5V supply. 
Applied signal span can be a problem if 
your system has transients or if you 
don’t have complete control over the 
applied signal, such as one from an 
external source. 
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 Ficure 4 





In shutdown mode (a), the resistor output of Analog Devices’ 
AD8402 changes from the power-on position to one terminal 
open (b), with the wiper shorted to the other terminal, while 
retaining the actual setting in latches. 


Specs make a difference 

Digital pots are functionally simple, 
but, like all other components, they 
have subtle performance specifications. 
Unfortunately, differences in vendors’ 
internal architectures, interfaces, and 
approaches mean that data-sheet for- 
mats and specs have little in common. 
Some concentrate on digital control 
and timing; others emphasize analog 
performance through the resistor 
string. You must carefully examine 
such specs as bandwidth, linearity and 
distortion, dynamic signal handling, 


crosstalk, and internally generated © 


noise, for example. 

Bandwidth ranges from audio fre- 
quencies to about 1 MHz. For example, 
the 1-kQ Xicor XC102 in rheostat mode 
has a 1.8-MHz, —3-dB point. However, 
RC time constants largely determine 
bandwidth, and the 10-kQ family 
member has a 30-kHz bandwidth. In 
contrast, the 10-kQ AD8402 features 
600-kHz bandwidth. Some devices suit 
audio volume controls, providing flat 
response and full specs over the 20-kHz 
audio band. 

Linearity and distortion are impor- 
tant in such applications as audio sig- 


nals and critical open-loop 
settings. A well-designed 
device can provide internal 
noise level and differential 
nonlinearity comparable to 
those of D/A converters: 2 
and 1 LSB, max, respectively. 
Similarly, several models offer 
distortion below 0.010% for 
the audio band. 

Carefully check the specs 
for dynamic signal handling. 
Again, this feature is not 
important in digital pots in 
level-setting applications, 
such as brightness, but is nec- 
essary in those applications in 
which the digital pot must 
pass ac signals. 

Not all devices have a 
crosstalk spec. Crosstalk 
between channels in multiple 
channel devices is typically 
—60 dB or better. 

The resistive elements and 
wiper resistance contribute to 
internally generated noise, 
which may be significant at 
high bandwidths switching in lower 
position resistors in the string. 

Careful attention to these specs will 
affect the success of your design: Pay 
attention beforehand so you won’t 
waste time—and money—with the 
wrong device. EDN 
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replacements for high-speed logic buffers and mux/demux devices. 
Also available are proprietary high-speed, zero-delay bus switches, 
bus exchangers, crossbar switches, bus hold and special functions. 

Voltage Translation. Pentium-based systems, laptops and 
PDAs operate at full potential with our 5V-to-3V translation 
capability with zero delay. 

Built-in Extras. QuickSwitch devices also have a hot-plug 

live insertion) capability and low, 5-ohm “On” resistance. 


Plus, they add no power dissipation or ground bounce and require 
no directional control. 

Cost Savings. Using our QuickSwitch devices means you can 
run your system at its rated speed without the need for costly high- 
speed memory devices to compensate for delays. 

World’s Smallest Package. All QuickSwitch devices from QSI 
are available in QSOP packages — one quarter the size of standard 
SOIC packages. 

Seeing Is Believing. For a copy of our latest QuickSwitch 
Product Handbook, full of innovative, customer-inspired applica- 
tions, call 1-800-609-3669 or fax 408-496-0773. 

Don’t delay any longer. Call today. 


Quality Semiconductor, Inc. 











U.S.A. Headquarters: , 851 Martin Avenue, Santa Clara, CA 95050, 408-450-8000, Fax: 408-496-0773 











European Headquarters: Suite B, Unit 4A, Mansfield Park, Four Marks, Hampshire, GU34 5PZ United Kingdom, 44-(0)420-563333, Fax: 44-(0)420-561142 


©Copyright 1994 Quality Semiconductor, Inc. QuickSwitch, Q and QSI are trademarks of Quality Semiconductor, Inc. 
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feature set available. But innovators never rest. Nov 


Philips’ family of 80C5I derivatives is the 


world’s largest. And most popular. Philips is extending the power of the 80C51 famil 


With over 75 derivatives based on the 80C51, with a smooth migration path to 16-bit. The XA 


Philips offers you the broadest range and richest (eXtended Architecture) is a high-performance 16-b: 





Philips 
Semiconductors 


© Philips Electronics North America Corporation, 1995 











rchitecture that also delivers superior code density. Source level code youd expect from the world’s leading supplier of 80C51 microcontrollers. 


ompatibility lets you run existing 80C51 source code through new assem- _‘ Push your designs to the leading edge and beyond. With the growing 
lers without modification. The result is unmatched price/performance. _ power of Philips 80C51 microcontrollers. Call Philips today. 


n short, moving from 8-bit to 16-bit couldn't be easier. Exactly what | -800-447-1500 ext. 1181 
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Our parts give you an 
amazing 24-ns cycle time. We 
offer both the 4-meg and the 


16-meg in x4, x8, and x16 


organizations. And they’re 


available in both 3.3 volt and 5 
volt. From the world leader in 
DRAMs and in memory products. 


PART 


KM44C4004A 
KM44C4I04A 
KM48C2004A 
KM48C2104A 
KM44CI004C 
KM4I6CIOO4A 
KM416CI204A 
KM416C254 


aes 


ee 
oe 


Ae 


KM48C514B 


Samsung's EDO DRAMS. They're for real. 


EDO MODE 


ORG. CYCLE TIME (ns) 


50, 60, 70 
50, 60, 70 
50, 60, 70 
50, 60, 70 
60, 70, 80 
60, 70, 80 
60, 70, 80 
50, 60, 70 
50, 60, 70 


All parts in both 3.3 volt and 5 volt. Packaging is § 
DIP, ZIP and TSOP (1). 


So if you were waiting 
to—switch—your designs to 
EDO, wait no longer. 

Call Samsung today. We 
will, if you'll pardon the 
expression, turn you on to more 
information. Call 1-800-446- 
2760 or 408-954-7229. Or write 


CIRCLE NO. 52 


to DRAM Marketing, Samsun 
Semiconductor Inc., 3655 Nort 
First St., San Jose, CA. 95134 


SEMICONDUCTOR 
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AMP filtered connectors drop in. 
EMI problems drop out. 





If you're tackling EMI noise problems 
with discrete components on the pcb, 
we've got a much better idea for you. AMP 
filtered connectors provide the EMI 
answer you're looking for - and they do 
it quicker, and easier, at a lower cost. 

These one-piece, fully integrated 
problem-solvers drop right in to stan- 
dard footprints — eliminating the hassle 
and time loss of board redesign when 
you find yourself facing EMI problems 
in a finished design, or in an existing 
product. 

And if you need to control costs, 
just add up the expense of on-board 
filtering -loose components, inventory 
cost, extra assembly steps, and lost 
board real estate - and compare for 
yourself. Filtered versions of our most 


popular connector types do a better job, 
with solid, characterized performance. 
And they can often do it at a lower 

final cost. 

We offer the broadest range of 
filtering technologies available, in the 
world’s best connectors (ours) - from 
sub-Ds to mini-ribbon cable, mini-DINs 
to mod jacks. We also have loose-piece 
and cable styles, and provide custom 
services as well. 

When you're up against EMI 
problems - or better yet, before you 
come up against them- we can provide 
the fast, simple solution, and save you 
money at the same time! Talk with 
your AMP distributor for details, or 
give us a call today. 

AMP is a trademark. 


Scandinavia: Sweden 46-8-580-833-00 (fax 46-8-580-194-70) 

Central Europe: Holland 31-73-20-0911 (fax 31-73-21-2365); Germany 49-6103-7090 (fax 49-6103-709223): 
Great Britain 44-81-954-2356 (fax 44-81-954-6234) 

Southern Europe: France 33-1-34-20-8888 (fax 33-1-34-20-8600); Italy 39-11-401-21111 (fax 39-11-403-1116); 


spain 34-3-200-8466 (fax 34-3-201-7879) fee wee 
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Old-dog 555 learns six new tricks 


JAMEs KEITH, IMD FINCOR ELECTRONICS DIVISION, YORK, PA 


totem-pole output—or both. And you can feed the timing 


The circuits in Fig 1 invert the ubiquitous 555 timer’s oper- 
capacitor from a negative current source referenced to the cir- 


ation. The circuits’ output polarities are the inverse of con- 


ventional 555 timers’. The circuits’ output duty cycle is cuit’s common. 
exactly 50%. Further, you have a choice of open-collector or I recommend the Texas Instruments TLC555, but any 555 


1N4148 






O TOTEM-POLE 
OUTPUT 





R : 
O OPEN-COLLECTOR ‘ TOTEM 
OUTPUT f; POLE 
OUTPUT 






3 + 
my \1natas 


(a) . >= rT (b) 
% ADD DIODE WHEN Vcc >9V 


FREQUENCY OUTPUT 
TOTEM-POLE 


TOTEM-POLE 
OUTPUT 


OUTPUT 


GQ OPEN-COLLECTOR 
OUTPUT 


O OPEN-COLLECTOR 
OUTPUT 





ADD DIODE WHEN Vcc >9V 


TOTEM-POLE OUTPUT 
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(e) 


0 TO +10V Oe 
J Teall 


O TOTEM-POLE OUTPUT 


O OPEN-COLLECTOR OUTPUT 


Fo =0 TO 1 kHz 





(f) 





You can configure an “inverted” CMOS 555 timer as a free-running oscillator (a), 
(b), an inverted CMOS 555 with active reset (c), a simple VCO (d), an improved version of the VCO (e), and a VCO sporting an 


amplified current source (f). 


an inverted bipolar 555 with active reset 
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timer should work. The TLC555 has the advantage of being 
CMOS. Its low power consumption does not introduce 
switching spikes into the power supply. The TLCSSS’s out- 
put also tends to saturate better in the positive direction than 
devices from other CMOS 555-timer vendors. This feature 
suits the TI device better for this application. 

One disadvantage of the TI device is its limited output- 
sourcing capability, which limits the capacitor-reset current 
to 10 mA max. On the other hand, this limitation could be 
an advantage under some conditions if you use the current- 
limiting property to eliminate the reset-resistor, R,. 

In the circuits, the timing capacitor, C,, ties to the positive 
bus to keep its discharge current out of the power supply. 
However, connecting C, to the negative bus causes the 555 
timer to wake up with an opposite-polarity output—a little- 
known feature of the 555 timer. 

The circuits simply bypass the timers’ pin 5, the control 
input. The control input is the top node of the 555’s internal 


voltage divider. In these circuits, bypassing this node to V.. 
via C, stabilizes the devices’ upper threshold. But the lower 
threshold is at the mercy of the power-supply bus. Therefore, 
I recommend bypassing the power supply with a healthy 
sized capacitor to minimize jitter induced in the 555’s lower 
threshold. This extra capacitor is one disadvantage of these 
configurations. 

The low-voltage operation of the circuits is surprisingly 
good. The circuits that employ a TCL555 operate easily at SV. 
A Schottky diode could further enhance low-voltage opera- 
tion at the expense of increased diode leakage—a possible 
problem. 

In the sixth circuit, you must use a well-regulated supply 
because the 555’s bandgap reference operates from a voltage 
divider. Such a setup has no power-supply rejection. (DI 
#1694) EDN 
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Algorithm converts random variables to normal 


EDWARD BEADLE, BROOKHAVEN NATIONAL LABORATORY, UPTON, NY 


§ Although normally distributed random variables 
_ are essential for many engineering analyses, soft- 
ware packages usually provide only a function that 
generates uniformly distributed random samples 
over the range [0,1]. However, a simple algorithm allows you 
to convert the uniformly distributed samples into normally 
distributed samples to a very good approximation. 

The algorithm repeatedly takes N samples from the uni- 
form distribution, sums the samples, and then scales and off- 
sets the sum. The summation means that the Central Limit 
Theorem applies. The theorem states that the distribution of 
the sum of N random variables, taken from an arbitrary dis- 
tribution, approaches a normal distribution as N increases. 

For uniformly distributed random variables in the range 
[0,1], summing N=20 samples usually suffices for an engi- 
neering approximation of a normal distribution. Offsetting 
and scaling the sum are necessary because, although the dis- 
tribution of the sum is approximately normal, the sum may 
not have the mean and variance desired for your application. 

To transform the approximately normal sum’s distribu- 
tion into your desired normal curve, you must find the mean, 
yw, and standard deviation, o. Finding the mean and standard 
deviation using a closed-form solution is very difficult. For- 
tunately, useful approximations apply. 

Because the algorithm uses only N samples from the uni- 
form [0,1] distribution, the sum’s mean is obviously N/2. 
Also the probability of generating a sum outside the range of 
[O,N] is exactly zero. So, to determine the standard deviation 
of the approximately normal sum’s distribution, the algo- 
rithm equates the maximum possible value of the sum of N 
samples to the 60+p, or “six sigma,” point on the normal 
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curve. This approximation yields a standard deviation of 
o=(N-)/6, which reduces to o=N/12. 

This approximation is valid because the probability of a 
datum occurring outside the [-60-,,60+] range is less than 
1 in $00 million. For all practical purposes, 1 in 500 million 
is Zero. 

Next, assuming that the desired mean, w’, and standard 
deviation, o’, differ from those of the N-sample sums’ mean 
and deviation, transforming the sums takes three steps: 

e First, shift the sum by subtracting N/2. This subtraction 
centers the N-sample sum’s distribution at zero. 

e@ Then, scale the upper and lower limits of the zero-cen- 
tered distribution so that N/2=60’; that is, multiply the 
offset sum by 120'/N. 

@ Finally, obtain the desired center value, o’, by adding it 
as an Offset. 

The following equation succinctly expresses the algorithm: 


Z + 





_Wo 2 -N 
ars ds > 





where z is the approximately normal random variable with 
mean, ».’, and standard deviation o’ and x,, from i=1 to N, 
are the samples. 

You can easily encode this algorithm as a function in any 
programming language. The ZIPfile attached to EDN BBS 
/DI_SIG #1690 contains a copy of this write-up. (DI #1690) 
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Two cores marry, make swinging choke 


VINCENT SPATARO, GEC MARCONI ELECTRONIC SYSTEMS CORP, WAYNE, NJ 







| Designing an output choke for a switch-mode 
| power supply that must operate over large load 
variations can be problematic. If you design the 
‘inductor for the maximum load the power con- 
verter will see, the inductance will be below the critical 
inductance required at light load. This inadequate induc- 
tance will cause the voltage on the output capacitor to peak 
up, resulting in increased ripple on the output. 

If, on the other hand, you design for the much larger value 
of inductance required at light load, your inductor will be 
overspecified for the nominal load and will be too large phys- 
ically. 

One solution is to add a bleeder resistor on the output of 
the supply to keep a minimum amount of current flowing at 
all times. This “fix” is not very efficient and often is an unac- 
ceptable solution, especially for battery-powered circuits. 

A better solution is to use a swinging choke, which exhibits 
a large inductance at light load and a progressively smaller 
inductance as the load increases. The size of the swinging 
choke is considerably smaller than an overspecified conven- 
tional choke. And a swinging choke is more efficient than a 
bleeder resistor. 

A new series of gapped ferrite toroids from Ferrite Special- 
ties Inc (Conshohocken, PA) makes swinging-choke-design 
easy. You wind together a gapped ferrite toroid and an 
ungapped ferrite having the same form factor. The ungapped 
ferrite provides high inductance at light load but saturates at 
less than full load current. The gapped ferrite core provides 


(a) 


GAPPED CORE 
UNGAPPED CORE 


Winding an ungapped core together with a gapped core (a) 
forms a swinging choke (b) having ideal properties for the 
output choke of a switching power supply. 


7132 = EDN MAy 11, 1995 








much lower inductance at light load but doesn’t saturate, 
providing a working inductance at full load. The result of the 
series combination of the two inductors is a single compact 
structure that doesn’t require a coil bobbin and is easy to 
construct and mount. Fig 1a offers a schematic representa- 
tion of the swinging choke; Fig 1b shows the mechanical 
construction. 

As a design example, assume you want a 12.5-4H choke 
that operates at a nominal load current of 2A. This specifi- 
cation requires 20 turns of #18 AWG wire on a gapped Fer- 
rite Specialties PGTX221406A36 core. This core has a gap 
|.=0.0138 cm, a cross-sectional area A,=0.259 cm, and an 
A,=36 mH/1000T. At the nominal operating current of 2A, 
this core sees a flux density of 


i 
B= ware dk = 1.32 kG. 


At this value for flux density, the core is operating far from 
saturation at nominal current and has plenty of design mar- 
gin. 

To design the high-inductance portion of the choke for the 
lightly loaded condition, use a standard ungapped ferrite 
core, a Philips 846T250-3C85. This core has an A,=1220, 
»=2000, and a magnetic path length 1.=5.42 cm. For the 


same number of turns, N, the inductance of this core is 
| NAL. 
L(uwH) ie 488 wH. 


This core fully saturates at approximately B=5 kG. The cur- 
rent at this flux density is 


2 Se 
| I= 0.4m uN ~ 0.54A. 

The total inductance of the core is the series combination 
of the gapped and ungapped inductors. At low current, the 
ungapped core dominates, producing a very large induc- 
tance. At 0.54A, however, the ungapped core saturates, 
reducing its inductance (essentially) to zero. The ungapped 
core then dominates, producing a working inductance at the 
full load current of 2A. The ZIP file attached to EDN BBS 
/DI_SIG #1692 contains a copy of this write-up. (DI #1692) 

EDN 
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CUT RS-232 NOTEBOOK 
SERIAL PORT SUPPLY CURRENT TO 
THA AND IMPROVE PERFORMANCE! 


Unlike RS-232 devices with software-controlled shutdown modes, Maxim’s new MAX3243, with 3 
transmitters and 5 receivers, doesn’t need shutdown software. Your BIOS need not be rewritten: 
Maxim's AutoShutdown™ hardware simply turns the MAX3243* off and on automatically, depending 
upon whether or not a valid RS-232 signal is present. 


Reduce Supply Current At Least 500 Times! 








Serial Cable Not Connected 
Voc = 3.0V to 5.5V Voc=3.3VONLY Voc =3.0Vt03.6V Voc = 3.0V to 3.6V 





Maxim’s patent pending AutoShutdown™ mode saves at least 500A of supply current versus the closest competitor. 


Optimize RS-232 Performance for Every Key Specification! 
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FREE intertace Design Guide—Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 


MA AALS 


Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 


Distributed by Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Authorized Maxim Representatives: AL, EnVision; AZ, Techni Source 
Inc.; CA, (Northern California) Maxim Integrated Products, (Southern California) Mesa, Infinity Sales, Inc.; CO, Component Sales; CT, Comp Rep Associates; DE, TAI Corporation; 
FL, Sales Engineering Concepts; GA, EnVision; ID, E.S. Chase; IL, Industrial Representatives, Inc; IN, Technology Marketing Corp; IA, JR Sales Engineering, Inc.; KS, Delltron; 
KY, Technology Marketing Corp; LA, Maxim Integrated Products, Inc.; MD, Micro-Comp, Inc.; MA, Comp Rep Associates; Ml, Micro Tech Sales; MN, Hanna Lind; MO, Delltron: 
MT, E.S. Chase; NE, Delltron; NH, Comp Rep Associates; NJ, Parallax, TAl Corporation; NM, Techni Source Inc.: NY, Parallax, Reagan/Compar; NC, EnVision; OH, Lyons 
Corporation; OK, Maxim Integrated Products, Inc.; OR, E.S. Chase; PA (Pittsburgh area) Lyons Corporation, (Philadelphia area) TA] Corporation; SC, EnVision; TX, Hamilton 
Hallmark; UT, Luscombe Engineering Co.; VA, Micro-Comp. Inc.; WA, E.S. Chase; WI, Industrial Representatives, Inc. 

Distributed in Canada by Arrow. Authorized Maxim Representative in Canada: Tech Trek. 

™AutoShutdown is a trademark of Maxim Integrated Products. 

*Patent pending. MA AXIMA is a registered trademark of Maxim Integrated Products. © 1995 Maxim Integrated Products. 
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Spice model simulates broadband transformer 


MICHAEL STEFFES, COMLINEAR CORP, FORT COLLINS, CO 


‘TBBS| | The approximate model in 


O | Fig 1 makes it easier to 

| include high-frequency 
' transformers in a Spice simu- 
lation. Broadband pulse transformers Rs 
are widely used to transform imped- 
ance levels as a noise-reduction or 
source-matching technique. Fig 1 
includes the physical model and the 
key performance equations. The model 
shows the transformer providing a volt- 
age gain from V, to V,,, an input imped- 
ance of R,/n’, and an output imped- 
~ ance of nR.. 

To simulate the transformer, the 
Spice simulation requires L,, L,, and k 
as inputs. However, transformer manu- 
facturers typically specify only an 
impedance ratio (n’) and the two —-3-dB 
frequencies of the transformer’s band- 
pass response. If the passband is greater than two decades 
wide, which translates into k>0.98, the following Laplace 
bandpass transfer function approximates the frequency 
Tesponse for the model: 





Ri /n 
V., dae, 


R,| (Rijn?) , 
S44 


‘1, 


(1) 


Re +R 2 
+ S ee 
(i-k DL, 


Ri —_— 
MIDBAND Zj= > at MIDBAND Zop=n?Rs 


Vp Ri 
MIDBAND GAIN = ~2= n —+§— 
Ver) Renna 


M=MUTUAL INDUCTANCE; k=COUPLING COEFFICIENT; 


N 
n=TURNS RATIO; n= Ne =] Z 


Using this approximate model of a high- frequency trans- 
former, you can easily include transformers in a Spice simu- 
lation. | 
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This simulation t test t circuit apes the basidtonuer model in front of an op amp, a 
configuration that reduces the op amp’s noise figure. 


where the left denominator term determines the low-fre- 
quency cutoff of 27f, and the right denominator term deter- 
mines the high-frequency cutoff of 27f,,. Manufacturers usu- 
ally specify the -3-dB frequencies, f, and f,,, of broadband 
pulse transformers with R.=50Q and R,=n’R,. You can solve 
Eq 1 for the three required Spice model parameters as follows: 











ae 
,-as/2_ 2m |p, -500, R, =Rgn? 
2nf, ve 
L,-n'L, er ;- [Rs =500, R, =R,n? 
k= = 
1+4+ 


H 


To illustrate how this model works, consider using a 1:4 


: transformer in front of a low-noise op amp to reduce its noise 
_ figure. The specifications for an RF Prime (Sacramento, CA, 


(916) 368-4400)) RFTM-16 transformer indicate an imped- 
ance ratio of 16 (n=4) and —3-dB frequencies of 30 kHz and 
75 MHz. The three input parameters are as follows: 


Roce as uwH 
21(30 kHz) 
400 Q 
L, = ———__ = 2.12 mH 
2 (30 kHz) 








SMALLEST, HIGHEST POWER 
1-CELL BOOST CONVERTER 


90mA from 1.2Vjn, Fits in 0.2in?-—$1.76* 


The economical MAX866 and MAX867 are the smallest high-power circuits for boosting 1-cell 
battery inputs to 2.7V to 6V outputs for powering pagers, remote controls, and other low-power 
miniature equipment. Order a preassembled MAX866EVKIT-MM kit to immediately evaluate its 
performance in your designs. 


¢ 0.9V Guaranteed Start-Up Voltage 





¢ 1.11mm High »MAX Package SMALLER SMALLEST! 
¢ 250kHz Switching Frequency: 2 | Z 
Small Components 8-S0lc si uMAX 
Low Ripple ee 0.032in” 0.023in 
Low Peak Currents 1.75mm HIGH 1.70mm HIGH 1.11mm HIGH 
83% Efficiency oe 
¢ 1A Shutdown : 
¢ Low Battery Detector (LBI/LBO) ACTUAL SIZE 
AREA = 0.2in? 
LOAD CURRENT vs. 


OPERATING SUPPLY VOLTAGE 


MAX866 AD 


99 INPUT 


0.5V TO Vout 


OUTPUT 
3.3V OR 5V 


LOAD CURRENT (mA) 





050 0.75 1,00" 1°1,25 1.50 LOW-BATTERY _ 
OPERATING SUPPLY VOLTAGE (V) DETECTORIN |  — LOW-BATTERY 


The MAX866’s ultra-small packaging, high 250kHz switch- spctha te teeoht aia 
ing frequency, and 1Q switch permit higher power and 
higher efficiency conversion using smaller components 
than low-frequency converters. 
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You can now use the transformer model along with the op 
amp’s macromodel to develop a full simulation for the test 
circuit in Fig 2. This circuit provides a good SOQ input- and 
output-impedance match, a midband gain of +10 (20 dB) 
from the source to the matched load, and an input-noise fig- 
ure that has been reduced from 9.5 dB for just the op amp to 
4.2 dB with the input transformer. 

Curve 1 in Fig 3 shows the response of the transformer 
only. With R,=n’R,, the circuit attenuates V, by one-half to 
the input of the transformer and then provides a gain of n to 
the secondary side. The result is a net gain of +2 from the 
source to the input of the op amp. Curve 1 shows this mid- 
band gain and the correct low-frequency cutoff and also 
~ what appears to be second-order high-frequency roll-off. The 
op amp’s input capacitance causes this roll-off, and remov- 
ing the op amp shows exactly the desired 75-MHz single-pole 
roll-off for the transformer by itself. Curve 2 shows the 
response of the op amp alone. C, intentionally bandlimits 
the op amp’s response to reduce high-frequency noise at the 
output. 

Curve 3 is the total response from the source to the load 
showing the desired 20-dB gain with approximately the same 
frequency response as the transformer. 

Ed Note: The author thanks Paul Clark at RF Prime for his sug- 
gestion in applying high-frequency transformers and for verifying 
the simplified model shown here. (DI #1681) EDN 
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Three simulated curves of the transformer’s response (Curve 
1), the op amp’s response (Curve 2), and the total response 
(Curve 3) confirm that this model produces the desired 20-dB 
gain with approximately the same frequency response as the 
transformer. 


FIR-filter scheme saves ROM storage space 


CA JALALUDEEN, DEFENCE R&D ORGANISATION, KOCHI, KERALA, INDIA 


You can easily implement single-bit FIR filters using ROM 
look-up tables, which allows you to avoid costly multiplier 
accumulators. Unfortunately, as filter order increases, so does 


INPUT x(n) 16-BIT SHIFT REGISTER 


SINGLE BIT 
ADDRESS “| 16 


ROM 
(SIZE=64k) 


& 
OUTPUT y(n) 


INPUT x(n) 





the size of the ROM. Fig 1 shows how you can reduce the stor- 
age requirement for larger-order filters. 
The following difference equation defines an N-tap FIR fil- 


8-BIT SHIFT REGISTER 8-BIT SHIFT REGISTER 


SINGLE BIT 


ADpREss 4 8 


ROM 
(SIZE=256) 


(SIZE=256) 


OUTPUT y(n) 


The direct implementation of an single-bit input FIR filter (a) requires a huge ROM as filter order increases. Splitting the sum- 
mation in two or more partial sums (b) reduces ROM’s storage requirements. 
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10MHz RAIL-TO-RAIL OP AMPS 
GUARANTEED DOWN TO 2.7V! 


Single-Supply Operation, 15V/ys Slew Rate Guaranteed 
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Unlike other wideband, low-voltage op amps, the MAX473/4/5 have rail-to-rail 
output swing (A) and are extremely stable while driving capacitive loads (B). 





¢ Input Range Includes Ground ¢ Single & Dual in Smallest Package: 
¢ Excellent Capacitive Drive e 8-Pin pMAX* 

¢ 94dB Large-Signal Gain e 8-Pin SO 

¢ Prices Start at $1.45** ¢ Quad in 14-Pin Narrow SO Package 


Finally, there's a wideband op-amp family that guarantees operation down to 2.7V! Ideal for single 3V or 
SV portable equipment, test & measurement, and wireless applications, the new MAX473, MAX474, 
and MAX475 single, dual, and quad op amps guarantee a 10MHz minimum unity-gain bandwidth, a 
15V/us minimum slew rate, and a robust rail-to-rail output that drives 6G00Q loads. 


Only Maxim Guarantees High-Speed, 3V Performance 
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*MAX473 only in UMAX package. Surface Mount Dimensions: Height: 0.198" x 0.120" x 0.044", Pitch: 0.0256" 
**1000-up suggested resale, FOB USA. 
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ter, where y(n), x(n—m), and h(m) are, respectively, the out- 
put sequence, the input sequence delayed by m samples, and 
the impulse response (coefficients) of the filter: 


N-1 
y(h) = } h(m)+ x(n - m) 


m=oO 


As the equation indicates, N multiplications and N-1 addi- 
tions are necessary to calculate one sample of y(n). The direct 
implementation of the single-bit-input look-up-table 
approach simply uses a delay line (a serial-in, parallel-out 
shift register) and a ROM that stores all possible values of y(n) 
(Fig 1a). Although the input is a single bit, the output can be 
of any word length, depending on the word length of the fil- 
ter coefficients. 

When the order of the filter, N, becomes large, the size of 
the ROM becomes exorbitant. Fortunately, you can split the 
summation into two or more partial sums of smaller lengths 
as follows: 


ol 


y(n) = Lhim x(n —m)+ zm x(n -m) 


CLK O 


DATA O 


Oo TO O7 


2716 


Fig 1b shows a suggested implementation for a 16th-order fil- 
ter based on this equation. This implementation requires 
only 512 locations of ROM compared with 2'°=64k for the 
direct implementation. Fig 1b uses separate ROMs to store 
each sum and adds the partial sums together at the ROM out- 
puts. 

Fig 2 shows an actual circuit implementation. The circuit 
latches the two 2716 ROM outputs using two 74LS374s for 
pipelining. Pipelining maximizes the speed of operation by 
splitting the ROM access time and the addition time of the 
adder. This circuit can operate with a sampling frequency 
equal to 1/T, where T is the access time of the ROM or the 
addition time of the adder, whichever is larger. The ZIPfile 
attached to EDN BBS /DI_SIG #1689 contains this write-up 
and figures (in AutoCAD format). You can also easily extend 
the circuit for any order N. (DI #1689) EDN 
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This 16-bit FIR-filter circuit requires only 512 locations in ROM compared with the direct implementation’s 64,000 locations. 
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OUR NEW 27GHz RF PROCESS 
IS ALL SPEED AND NO POWER 


High-Speed Bipolar Processes Ideal for Low-Power RF ASIC Applications 


When the features of an off-the-shelf IC don’t meet your requirements, there’s another option. 
Maxim's technologies offer you the proven performance of our GST-2 high-speed wafer fabrica- 
tion process without the risk and design time often associated with full-custom ASICs. 
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Our GST-2 process can reduce power consumption significantly in wireless and RF systems. 
Cutoff frequencies of 10GHz are possible with collector currents as low as 30yA. 


To get your ASIC design started, call a Maxim 
Applications Engineer at 1-800-809-0840. He'll help you 
roomie eat select the optimum solution for your high-frequency 
design. And, don't forget to request Maxim's 
High-Frequency ASIC Development Handbook. 
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The following is a selection of Maxim Subcircuits, developed using Maxim’s GST-1 process and 
powerful modeling and simulation software. GST-2 Subcircuits are currently in development. 


JV: # Precision Quadrature Demodulator 3V:  24MHz Crystal Oscillator 


¢ Quadrature Generator ¢ RF Front-End 
¢ Differential Oscillator ¢ UHF Local Oscillator 
¢ AGC Amplifier ¢ Quadrature Local Oscillator 
¢ Dual Lowpass Active Filters ¢ Power-Amp Driver 
¢ Dual 6-Bit ADCs ¢ Quadrature Modulator 
¢ Bandgap Bias Generator ¢ 900MHz Upconverter 
¢ IF Amplifier 


@ Power Control Block 
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North American inquiries, Circle No. 160 European inquiries, Circle No. 161 





| EDN | [DESIGN IDEAS 


Sync separator includes AGC 
DANA ROMERO, SALT LAKE City, UT 


Proper sync separation in video-signal processing requires 
that the incoming signal be relatively stable. When substan- 
tial amplitude variation exists, a pair of ICs (Fig 1) combine 
to form a gain-control circuit that helps to stabilize the sync- 
separation function. IC, is a sync separator that has the fea- 
tures of the standard LM1881, plus horizontal sync decod- 
ing and a LEVEL-OUT pin to indicate the overall signal level 
at the input. Using this feature to control IC,’s variable-gain 
amplifier, the circuit provides automatic gain control for sync 
separation. Most of the components surrounding IC, are 
close to the manufacturer’s suggested values, and the data 
sheet explains their functions. 

IC,, a single-supply op amp, is the only other IC needed to 
complete the circuit. A single-supply op amp guarantees that 
the gain-control voltage at IC, remains positive while also 
performing the necessary translation of the LEVEL-OUT volt- 
age from IC,. Specifically, the dc voltage from IC,’s pin 9 is 
nominally equal to twice the amplitude of the sync pulse of 
the video signal at pin 4. But, the negative feedback the entire 
loop requires means that the gain of IC, has to increase as the 


GND 


- HORIZ 
+V 


peTEcT ‘(C1 
EL4583 


Rset 


OD VERTICAL SYNC 
© COMPOSITE SYNC 


amplitude at IC,’s pin 4 decreases. Connecting IC, as Fig 1 
shows accomplishes this function by inverting only the volt- 
age changes from IC,. IC,’s overall output remains positive. 
In addition, potentiometer R, provides some auxiliary gain 
control. Note that a video-speed amplifier is not required for 
IC, because the overall level doesn’t change at that rate. 

IC, serves as a preamplifier for IC,, and you must choose 
the feedback divider resistors, R, and R,, so that their paral- 
lel resistance is low. (The data sheet for the EL4451 recom- 
mends a resistance of 3600 or less.) Potentiometer R, sets V,,, 
and adjusts the dc offset of the video signal out of pin 14. 
The equation for V,,,; is 

Vour= (Vin Vict Vee), 
where V,,, is the voltage difference between pins 4 and S, V,, 
is the voltage difference between pins 7 and 8 (all pins of IC,), 
and H is the feedback ratio R,/(R,+R,). Although IC, is 
designed to accept differential inputs for V,, and V,,, this 
design grounds pins 5 and 8. (DI #1700) EDN 
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4.7k 





A sync separator (IC,), variable-gain amplifier (IC,), and single-supply op amp (IC,) form a gain-control circuit that helps to 


stabilize the sync-separation function. 
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New LTC1266 Switching Regulator Provides ae Efficiency 


at IOA Loads - Design Note 103 
Greg Dittmer 


The new LTC®1266 is a synchronous, step-down switch- 
ing regulator controller that can drive two external, 
N-channel MOSFET switches. The superior performance of 
N-channel MOSFETs enables the LTC 1266 to achieve high 
efficiency at loads of 10A or more with few additional 
components. Burst Mode™ operation provides high effi- 
ciency at light loads—efficiency is greater than 90% for 
loads from 10mA to 10A. The ability to provide 10A at high 
efficiency is critical for supplying power to Pentium™ 
processor applications. 


The LTC1266 is based on the LTC1148 architecture and has 
most of the features of this successful product including 
constant off-time, current mode architecture with auto- 
matic Burst Mode operation. Pin selectable shutdown 
reduces the DC supply current to 40uA. The LTC1266 also 
provides pin selectable phase of the top-side driver which 
allows it to implement, in addition to an all N-channel step- 
down regulator, a low dropout regulator with high-side 
P-channel or a boost regulator. Other new features of the 
LTC 1266 include an on-chip low-battery comparator, pin- 
defeatable Burst Mode operation, a wider voltage supply 
range (3.5V to 20V), 1% load regulation and a higher 
maximum frequency of 400kHz. 


N-Channel vs P-Channel 


The key to the LTC1266’s ability to drive large loads at high 
efficiencies is its ability to drive both top-side and bottom- 
side N-channel MOSFETs. The superiority of N-channel 
MOSFETs over P-channels at high currents is due to the 
lower Roson) and lower gate capacitance of the N-channel 
parts. To compensate for the higher Rps(on), the P-channel 
size is usually made larger, resulting in higher gate capaci- 
tance. Efficiency is inversely proportional to both Rps(ON) 
and gate capacitance. Higher Rpsyon) decreases efficiency 
due to higher I7R losses and limits the maximum current 
the MOSFET can handle without exceeding thermal limita- 
tions. Higher gate capacitance increases losses due to the 
increased charge required to switch the MOSFETs on and 
off during each switching cycle. © 


05/95/103 


Nonetheless, P-channel MOSFETs still have a home in 
lower current and low dropout applications due to the fact 
they can operate at 100% duty cycle. The LTC1266 offers 
the capability of driving either N-channel or P-channel. 


Driving N-Channel MOSFETs 


P-channels have another distinct advantage—simplicity 
of the gate drive. Because of the negative threshold of the 
P-channel, the gate potential must decrease below the 
source (which is at Viy) by at least Vgsony to turn it on. 
Hence, the top-side MOSFET can be gated between the 
available supply rail Vjy and ground. 


Driving an N-channel top-side MOSFET isn’t so straight- 
forward. When the top-side MOSFET is turned on, the 
source is pulled up to Vjy. Because the N-channel has a 
positive threshold voltage, the gate must be above the 
source by at least Vesyon). Thus, the top-side drive must 
swing between ground and Vy + Vesyon)- This requires a 
second, higher supply rail equal to saree Vin + Vgsvon): 


There are two ways to obtain this higher rail. The most 
straightforward way is to use a higher rail that is already 
available, as is the case in most desktop systems with 12V 
supplies. Note that the PWR Vjy input to the LTC1266 is 
dedicated to powering the internal drivers and is separate 
from the main supply input. The PWR Vj, voltage cannot 
exceed 18V (20V max), limiting the input voltage to 18V — 
Vesion). For a converter with logic-level MOSFETs, this 
limits Vjy to about 13.5V. The PWR Vix voltage must also 
meet its minimum requirement of V\y + Vgscony (about 10V 
fora5V-to-3.3V converter) in order not to burn up the high- 
Side MOSFET due to insufficient conductance at larger 
output loads. If a higher supply rail is not available, a 
charge-pump circuit can be used to pump Vjy to the 
required level. 

4, LTC and LT are registered trademarks of Linear Technology Corporation. 


Burst Mode is a trademark of Linear Technology Corporation. 
Pentium is a trademark of Intel Corporation. 
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Basic Circuit Configurations 


Figures 1 and 2 show two basic circuit configurations for 
the LTC1266. Figure 1 shows an LTC1266 in the charge 
pump configuration designed to provide a 3.3V/10A out- 
put. The Si4410s are new logic-level, surface mount 
N-channel MOSFETs from Siliconix that provide a mere 
0.0202 of on-resistance at Ves = 4.5V, and thus provide a 
10A solution with minimal components. The efficiency 
plot shows that the converter still is close to 90% efficient 
at 10A. Because the charge pump configuration is used, 
PWR Vin = 2 x Vin plus any additional ringing on the 
Switch node. Due to the high AC currents in this circuit, we 
recommend low ESR OS-CON or AVX input/output ca- 
pacitors to maintain efficiency and stability. 
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Figure 1a. All N-Channel Single Supply 
OV to 3.3V/10A Regulator 
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Figure 1b. Figure 1a Circuit Efficiency 


The all N-channel, external PWR Vjy circuit shown in 
Figure 2 is a3.3V/5A surface mount converter. The current 
Sense resistor value is chosen to set the maximum current 
to 5A, according to the formula Igyt = 100MV/Reense. 
With Vix = 5V, the S5uH inductor and 130pF timing capaci- 
tor provide an operating frequency of 175kHz and a ripple 
current of 1.25A. The Vgsyony of the Si9410 N-channel 


MOSFETs is 4.5V; thus the minimum allowable voltage at 
the external PWR Vin is Vinmax) + 4.0V. At the other end, 
PWR Vix should be kept ander the maximum safe level of 
18V, limiting Viy to 18V - 4.5V = 13.5V. 
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Figure 2a. All N-Channel 3.3V/5A Regulator with Drivers 
Powered from External Power Vj, Supply 
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Figure 2b. Figure 2a Circuit Efficiency 


The two application circuits demonstrate the fixed 3.3V 
version of the LTC1266. The LTC1266 is also available in 
fixed 5V and adjustable versions. All three versions are 
available in 16-pin narrow SOIC packages. 


Conclusion 


The new LTC1266 synchronous step-down regulator 
controller is the first Linear Technology synchronous 
controller with the ability to exploit the superior perfor- 
mance of N-channel MOSFETs to maximize efficiency and 
provide a low cost, compact solution for high current 
converters. The extra features provided in this product, 
Burst Mode inhibit and a low-battery comparator, make it 
ideal in a wide variety of applications. 






For literature on our Switching Regulators, 
call 1-800-4-LINEAR. For applications help, 
call (408) 432-1900, Ext. 361 









Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 
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Single IC adds analog inputs to digital PLC 


STEVE HAGEMAN, CALEX MANUFACTURING Co, CONCORD, CA 


Many low-cost programmable logic controllers 
(PLCs) are digital only and have relay outputs, 
-debounced digital inputs, and one or more 
‘counter inputs. The circuit in Fig 1 adds four 8-bit 
analog inputs to even the most basic PLC. The design 
requires a PLC with just two digital outputs and one high- 
speed (>5 kHz) counter input. The circuit is based on 
Microchip Technology’s (Chandler, AZ) PIC 16C71 RISC wC. 
This wC has a four-channel, 8-bit ADC and an 8-bit digital 
I/O port. The digital I/O port has built-in pullup resistors, so 
direct interface to relays is possible. 

The PIC operates by sensing a low-to-high change on the 
RBO input. This change causes a wake-up interrupt in the PIC. 
After some suitable debounce interval (50 msec), the PIC 
selects A/D channel 0, 1, 2, or 3, depending on the address 
at RBO and RB1. The PIC sets the channel, waits for the input 
multiplexer to settle, and reads the ADC’s result. The PIC has 
converted the analog input to a 0-to-255 digital byte. 

The PLC’s counter input now helps transfer this digital 
value into the PLC. The PIC shifts out the digital code as a 
string of pulses at 5 kHz. The pulse train is 0 to 255 counts 
long, depending on the value of the sampled A/D channel. 
The following equation translates the digital count to a volt- 
age: 





Voltage input=digital codex0.0195. 


OPTIONAL POWER SUPPLY 


FIGURE 1 OUT IN 
: 
+ : Fuseatt 


OUT 1, RELAY 


ANALOG 
INPUTS 
0TO5V 


PIC16C71 


INPUT 


4.0-MHz 
RESONATOR C2 of 


NOTES: 
C;, Co ARE 0.1 uF TYP FOR DEBOUNCE. 
R<10k, TYPICALLY 4.7k FOR ESD PROTECTION. 





This circuit adds four 8-bit analog inputs to even the most basic PLC. 
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9V BATTERY 


Bie COUNTER CONTROLLER 


So, if the PLC reads a value of 130 from the counter after a 
conversion, the voltage on that channel is 2.53V 
(130X0.0195). 

At a 5-kHz transfer rate, it may take up to 51 msec to com- 
pletely transfer all 255 counts to the PLC’s counter. After a 
complete transfer, the PIC waits for a low-to-high transition 
on the RBO input pin to restart the process. Fig 2 is a flow dia- 
gram of the PLC’s program. 

If a convenient 5V source isn’t available for powering the 
PIC uC, you can drive the circuit using the optional power 
supply in the Fig 2. A 9V alkaline battery can continuously 
power the circuit for over 250 hours. Longer life is possible if 
you use a PLC-relay output to switch the power on and off. 
For long term, unattended operation, you can substitute a 9V 
wall-cube transformer from Radio Shack for the 9V battery. 

The PIC was programmed in C, using a low-cost C com- 
piler. Even using a high-level language such as C, this inter- 
face program consumes only about one-quarter of the PIC’s 
1-kbyte available program space. The ZIPfile attached to EDN 
BBS /DI_SIG #1701 contains the HEX object file to program 
your own PIC, along with the C source code. (DI #1701) 

EDN 
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SET OUT1, OUT2=LOW 
RESET COUNTER 


PROGRAMMABLE 


RAISE OUT1 FROM L->H 
(CONVERT COMMAND) 
SET OUT1, OUT2 TO A/D 

CHANNEL TO READ 
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READ COUNTER 
FOR A/D CODE 


LOGIC 





This PLC program interfaces with the 
PIC .C. 
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AUTOMATED ASSEMBLY 
for low-cost and 
1 week shipment guaranteed 





















4.5 SIGMA 
REPEATABILITY GUARANTEED 


ALL-CERAMIC PACKAGE 
cover pull strength 


in excess of 20 Ibs. ULTRA*REL™ MIXERS 


5 YEAR GUARANTEE 


RUGGED CONSTRUCTION 
passes MIL-M-28837 


SURFACE MOUNT shock and vibration tests 


board area .25 x 30” 
tape and reel available 





SOLDER PLATE 

OVER NICKEL METALIZATION 

improves solder reflow reliability 
and eliminates leaching 


ALL-WELDED 
INTERNAL CONSTRUCTION 
withstands up to 240°C for 5 minutes 


actual size 


ALL-CERAMIC 5to3000MHz ..°37. 


Midband, dB 
Now you can buy very low-cost, high-performance Model LO Freq. (MHz) Conv. _ Isol $ ea. 
commercial mixers with the ruggedness and reliability (dBm) LO,RF IFS bOss LR bot (10-82) 
required for military applications. That's value! RMS-11X +7 5-1900 5-1000 7.1 29 31 3.95 
_,Only from Mini-Circuits. RMS-11F «+7. 950-2000 DG-400.. 5.5 31 30. 4.95 
RMS-30 +7 200-3000 DC-1000 6.5 26 22 6.95 


RMS-25MH +13 5-2500 541D0G = Tbs Be. we io 


finding new waYS ... 
setting higher standards 


L__/ Mini-Circuits‘ 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 


F166 REV. ORIG. 
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Synchronized window comparator eliminates error 


SERGEY VELICHKO, CONSULTANT, BosiE, ID 


Precision A/D converters need a win- 

dow comparator. The window com- 
parator in Fig 1a is synchronized to the IN 
clock signal. This synchronization 
eliminates errors that could arise when 
the input signal crosses the high or low 
threshold (Fig 1b) unsynchronized to 
clock. 

In operation, comparator IC,, sets 
flip-flop IC,, high when the input sig- 
nal rises above the high threshold. 
Inverting comparator IC,, sets flip-flop 
IC,, low when the input signal 
descends past the low threshold. The 
second flip-flop, IC,,, synchronizes the 
first flip-flop’s output to the rising edge 
of the clock signal. Obviously, the clock 
signal must be significantly higher in 
frequency than the input signal to 
avoid problems with metastability. 

The values for R,/R, and R,/R, deter- 
mine the hysteresis for the compara- 
tors. Customary values for R, and R, are 
10 kQ and 1 MOQ) for R, and R.. Refer- 
ence-voltage V,, R,, and R, determine 
this high threshold. Similarly, refer- 
ence-voltage V,, R,, and R, set the low 
threshold. (DI #1693) EDN 
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The output of this window comparator is synchronous with the clock signal. 


Token passing fits large counters into CPLDs 


CHRIS JONES AND DAVID JOHNSON, CYPRESS SEMICONDUCTOR CorP, SAN JOSE, CA 


Fitting a large, loadable counter into a complex PLD (CPLD) minal-count output. The problem with fitting this design 
while operating at the device’s maximum frequency requires into a CPLD is that the design exceeds the usual number of 
a few tricks. Fig 1 shows a 40-bit, loadable counter with ater- _logic-block inputs, which is 36 or fewer. Normally, for the 
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High Speed Audio Frequency Testing 





Audio Precision 


offers a Full Range of | 


Audio Test Sets... 


FAST 


ATS-1 is a competitively 

priced audio test set | 
featuring front panel and GPIB 
programmable operation as 

well as higher performance and | 
speed than the typical audio testers 
it replaces. Both Audio Precision and 
HP 8903B GPIB command sets are 
supported. A sample suite of 43 
measurements! takes only 33 Sec- 
onds. The dual channel ATS-1 is at. 
home in production floor environ- 
ments thanks toitsruggedfan- 
cooled enclosure and front or rear | 


mount modular connector panels. — 


FASTER 


System One automated integrated 
audio test sets measure distortion, 
frequency, phase, wideband or 
selective noise, and crosstalk in pro- 
duction test environments benefit- 
[are nicelaanale|ans een) ale) 
performance. System One can 
make a sample suite of 43 mea- 
surements! in 21 seconds. Optional 
spectrum analysis and digital 
domain signal generation and anal- 
Nisiisi@o] @f>]@)||I(o1o) gala) Conia ig(o@) a(n 


Stop audio test system. Available 
P ele)ia) (a) @\~|s1>/41@) 1 @ne@e)aiice@)|(se nyo 


sions, System One is today's recog- 


_ nized standard in audio testing. 


—1Sample suite of GPIB programmed audio measurements included 1) noise measurement (20H2Z-22kHZ bandpass), 


2) 31 point single tone frequency response sweep over 20Hz-22kHz range, and 3) 11 point distortion sweep over 20Hz-22kHz range. 


2FASTTEST uses multi-tone stimulus and analysis to make the same measurements listed above. 











FASTTEST 


System One DSP versions test any 
audio channel in the fastest possi- 
ble time. With DSP power, FASTTEST 
completes the 43 measurement? 
example above in 2 seconds! 
System One FASTTEST technology 
generates and analyzes special 
multi-sinewave test signals. These 
VV(@ [= @f=>]@(@ x1 (@ [alo icy ©) 40) (en @@)ga) e)(a1K= 
frequency response, distortion and 
noise measurements from a single 
Stimulus acquisition. 
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P.O. Box 2209 
Beaverton, OR 97075-3070 
(503) 627-0832 (800) 231-7350 


FAX: (503) 641-8906 


INTERNATIONAL DISTRIBUTORS: Australia: IRT Electronics Pty. Ltd.. Tel: 2 439 3744 Austria: ELSINCO GmbH, Tel: (1) 815 04 00 Belgium: Trans European Music NV, Tel: 2 466 5010 Brazil: INTERWAVE 
LTDA., Tel: (21) 325-9221 Bulgaria: ELSINCO, h.e. Strelbishte, Tel: (2)586131 Canada: GERRAUDIO Distribution, Tel: (416) 696-2779 China, Hong Kong: ACE (Int'l) Co. Ltd., Tel: 424-0387 Croatia: AVC Audio 
Video Consulting, Tel: (41) 624 622 Czech Republic: ELSINCO Praha spol. s r.o., Tel: (2) 49 66 89 Denmark: npn Elektronik aps, Tel: 86 57 15 11 Finland: Genelec OY, Tel: 77 13311 France: ETS 
Mesureur, Tel: (1) 45 83 66 41 Germany: RTW GmbH, Tel: 221 70913-0 Greece: KEM Electronics Ltd., Tel: 01-6478514/5 Hungary: ELSINCO KFT, Tel: (1) 269 18 50 India: HINDITRON Services PVT, 
Tel: 22 836-4560 Israel: Dan-El Technologies, Ltd., Tel: 3-6478770 Italy: Link Engineering s.r|., Tel: 0521/648723 Japan: TOYO Corporation, Tel: 3 (5688) 6800 Korea: B&P International Co., Ltd., Tel: 2 546-1457; 
B&P (Kumi Office), Tel: 0546 53-7347/8 Malaysia: Test Measurement & Engineering Sdn. Bhd., Tel: 3 734 1017 Netherlands: Heynen b.v., Tel: 08851-96300 New Zealand: Audio & Video Wholesalers, 
Tel: 7 847-3414 Norway: Lydconsullt, Tel: (47) 66-988333 Poland: ELSINCO Polska sp. z 0.0., Tel: (22) 39 69 79 Portugal: Acutron Electroacustica LDA, Tel: 1 9414087 / 9420862 Singapore: TME Systems Pte 
Ltd., Tel: 747-7234 Slovakia: ELSINCO Bratislava spol. s r.o., Tel: (7) 784 165 South Africa: SOUNDFUSION Broadcast, Tel: 11 477-1315 Spain: Telco Electronics, S. A., Tel: 1 531-7101 Sweden: Tal & Ton 
Elektronik AB, Tel: 31 80 36 20 Switzerland: Dr. W.A. Gunther AG, Tel: 1 910 41 41 Taiwan: R.O.C.: Cha Wei Electric Trading Co., Tel: 2-5612211 Thailand: Massworld Company Ltd., Tel: 662-294-4930 


United Kingdom: Thurlby Thandar Instruments, Ltd., Tel: (0480) 412451 
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Fitting this 40-bit, loadable counter into a CPLD requires a few 
tricks because the design exceeds the usual number of logic- 
block inputs, which is 36 or fewer. 


RESET © 
LOAD O 


CLK O 





LOGIC 
BLOCK C 
7 


most significant bit of a 40-bit counter, you must route 43 
inputs into the logic block that registers: the 40 counter bits, 
the load control, the asynchronous-reset input, and that bit’s 
data input for loading. 

This design demonstrates how you can use token passing 
to fit large, loadable counters within a CPLD’s available num- 


_ ber of logic-block inputs. Registering these tokens allows the 


resulting design to operate at the CPLD’s maximum fre- 
quency. These tricks are the keys to the successful imple- 


- mentation of a large, loadable counter in a CPLD. 


Fig 2 shows how you can fit the counter into a 64-macro- 
cell CPLD, the Flash370 CY7C373, while operating at full fre- 
quency. To ensure that the number of logic-block inputs is 
no more than 36, the design divides the counter into three 
groups. Two tokens in logic block A and one token in logic 
block B pass the necessary information regarding the state of 
the respective counter groups among counter groups. You 


- must register the tokens for the resulting design to operate at 


the device’s maximum frequency. 

C1, C2, and CE operate as follows. C1 loads a 1 when the 
14 counter bits in block A are all 1s. This setting of C1 can 
happen during a load operation or when the counter incre- 
ments during normal counting. A Cl of 1 
indicates that the 15 counter bits in block 
B need to increment on the next clock. 
Similarly, C2 loads a 1 when the 15 
counter bits in block B are all 1s. The AND 
of Cl and C2 increments the enable for 
the 11 counter bits in block C. CE sets to 
a 1 when the 14 counter bits in block A 
are loaded with the HEX value of “3FFE.” 
The states of CE, C2, and the 11 counter 
bits in block C determine when the ter- 
minal-count output, TC, becomes active. 

We coded the design in VHDL. We 
compiled, synthesized, and targeted the 
design to the 64-macrocell CY7C373 
using the Warp3 software-development 
system. The simulation shows that the TC 
output is active as desired when all 40 
counter bits are 1. The TC output then 
changes to a 0 as the counter properly 
increments from all 1s to all Os on the 
next clock. (DI #1702) =p) NN 
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To fit this 40-bit counter into one CPLD (the Flash370 CY7373), this design divides 
the counter into three groups and uses tokens C1, C2, and CE to pass information 


among the groups. 
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tion ate it the ideal Sannin for 
high-performance “green” desktop — 
inasingie | PCs and extending battery © 
family, relieving the Roanbunr caused life in portable systems. 
by choosing and qualifying multiple — a | | Contact us now for tech- 
3.3V logic families.  ..$ | nical information on 
oo easy-to-swallow FCT3 
solutions, and get a 

























IDT’s FCT 3 Logic offers a full spec- 
trum of speed grades in one family, | 
simplifying the transition to 3.3V ano 
providing an easy upgrade path for 
next-generation systems. With 
4.1—7ns max. tpp, FCT 3 offers the 
right price/performance solutions for 
all 3.3V applications. 
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NEC offers 16M and 18M Rambus DRAMs with interface bridges 


ow there’s a memory to match the spiralling speed o NEC is the first and only vendor offering 16M and 18M 


the latest microprocessors. NEC’s Rambus™ DRAM RDRAMs. We also provide the interface chips you need to 


(RDRAM™) operates at 250MHz. It transfers data at the implement the industry’s most advanced memory solution. 
unparalleled rate of 4 billion bits per second. Superior NEC’s RDRAMs are fabricated with a 0.45-micron CMOS 
performance makes RDRAMs the ideal graphics memory process. They operate on 3.3V. Organizations are 2M x 8 
for high-end multimedia systems, desktop computers and and 2M x 9. Package options are a 32-pin Surface Vertical 
workstations. Package (SVP) and a 32-pin SSOP. These space-saving 
For fast answers, call us at: Tel:1-800-366-9782.Fax:1-800-729-9288. Tel:0211-650302.Fax:021 1-6503490. 
Tel:040-445-845.Fax:040-444-580. Tel:08-753-6020.Fax:08-755-3506. Tel:1-3067-5800.Fax:1-3946-3663. 
Tel:1-504-2787.Fax:1-504-2860. Italy Tel:02-6709108.Fax:02-66981329. UK Tel:0908-691133.Fax:0908-670290. Tel:01-6794200. 
Fax:01-6794081. Tel:2886-9318.Fax:2886-9022. Tel:02-719-2377.Fax:02-719-5951. Tel:02-551-0450.Fax:02-551-0451. 


Tel:253-831 1.Fax:250-3583. Tel:03-8878012.Fax:03-8878014. Tel:03-3454-1111.Fax:03-3798-6059. 


package styles make RDRAMs an excellent choice for the Designers of multimedia terminals and games can gain a 

main memory in PCs and workstations. powerful price/performance edge by combining RDRAMs 
NEC’s Rambus ASIC Cell (RAC™) is a macro for our 0.5- — with our VR4200 64-bit RISC microprocessor. The Rambus 

micron CB-C8 family. It provides an efficient interface bridge permits easy implementation of low-cost, 

interface between the microprocessor and high-performance systems. 

the RDRAMs. The CB-C8 ASIC gives cc < < y an ee Whether you’re designing multimedia systems, 

you true 3V operation. It also @ : , Cx desktop computers or workstations, RDRAMs make 


ensures safe interface with 3.3V > A Ameer = memory-intensive applications run at 21st-century 


and 5V components. r i “speed. For more information, call NEC today. 


IN Rambus, RDRAM and RAC are trademarks of Rambus Inc. Nl E Cc 
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The new 


Introducing a whole new category of handheld instruments: the new 860 
Series Graphical™ MultiMeters (GMM) from Fluke. GMM"™ test tools pair 
the world's most advanced multimeter capabilities with graphical display 
power. You choose what information you want to see, and how you want 
to see it. All by turning the simple, multimeter-style rotary knob and 
pressing the Display Mode button. It'll feel so familiar, yet what you'll see 
is brand new. 

Turn the knob to the function you want, press Display Mode to select 
waveform display, and you'll see noise, waveform distortion, and intermittent 
failures — or capture glitches — automatically. 


Graphical 


Use In-Circuit Component Test to look at component signatures in-circult, 
without risking damage to sensitive components. Or let the GMM test tool 
monitor a test set up, plotting meter readings for up to 30 hours with the 
TrendGraph™ Display Mode. 

With the 860 Series, you'll be using the most accurate handheld meter 
ever made — 0.025% basic de accuracy and a 32,000-count (more than 
4-2/3 digit) display. All functions offer true IEC 1010-1 Class Ill 1000V 
protection. Plus the most comprehensive set of multimeter functions 
(including capacitance and dB) in a handheld meter. The Dual Display 
(primary and secondary numeric readings) along with the Analog 
NeedleGraph™ display, lets you see frequency, pulse width, or duty cycle. 


MultiMeters 


And you don't have to buy special test leads; one simple set 
of meter leads supports every function of the fully integrated 
860 Series. 

GMM test tools start at $795. For a graphic demonstration, 
see your local FLUKE distributor or call 
1-800-59-FLUKE for direct 
connection to a distributor 
near you. For immediate , 
fax-back of 860 Series literature, 
call 1-800-86-FLUKE. 


© 1994 Fluke Corporation. P.O. Box 9090, M/S 250E, Everett, WA, 

USA 98206-9090. U.S.: (800)44-FLUKE or (206) 356-5400. Canada (905) 890-7600. 
Europe (31 40) 644200. Other countries (206) 356-5500. 

All rights reserved. Ad No. 00698. 


Serious Tools for Serious Work. 


FLUKE. 
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Detailed model shows 





PLDs, particularly field-pro- 
grammable gate arrays 
(FPGAs), have been gaining 
momentum over traditional 
ASICs as the logic device of 
choice for today’s fewer than 
20,000-gate system designs. 
A primary concern in choos- 
ing PLDs, however, is their 
suitability for high-volume 
production. Historically, 
because of their higher unit 
price, FPGAs have been con- 
sidered appropriate for pro- 
totyping or low-volume production, while mask-pro- 
grammed gate arrays have been viewed as more cost-effective 
for high-volume applications. 


The “cost-of-ownership” equation 

Gate arrays and other mask-programmed ASICs have 
many hidden costs. Unit price and NRE charges become a 
small part of the cost when you consider the loss of flexibil- 
ity and the increased time to market. By applying simple for- 
mulas to the specifications of a development program, you 
can easily examine the break-even points and total costs. 

Among the factors that determine cost of ownership are: 


@ unit price @ volume package type 
@ NRE charges e design time 

@ production leadtimes @® re-spin potential 

@ gate count ® expedite fees 

@ tools ® engineering time 

@ time to volume e@ fault coverage 

e future cost reductions ® quality 

e technology @ vendor service 

@ test development @ inventory 

@ flexibility @ risk. 


Some of these factors are interdependent. For example, 
lengthening production leadtime can affect inventory, time 
to volume, expediting fees, and risk. Also, many of these 
costs can go unrecognized in a traditional cost analysis, 





Design decisions are far more complex than 
simply weighing the unit price and NRE 
charge to determine whether to use FPGAs or 
ASICs. An analysis of all the variables affect- 
ing IC development shows that FPGAs are 
extremely cost-effective at surprisingly high 
production volumes. 








FPGAs true costs 


JOSEPH Li U, x (LINK fA 
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because they are incurred 
after the design is finished or 
because they cut across 
many functional groups, 
such as purchasing, engi- 
neering, and quality assur- 
ance. 

The following analysis 
uses a typical 10,000-gate 
design to demonstrate how 
to find the break-even point 
and cost of ownership for an 
FPGA vs an ASIC. You can 
use the same formula for any 
application or situation. 

FPGAs provide the benefits of standard products—no NRE 
charge, quick delivery, and no inventory risk—with fully 
tested components. In addition, users can verify a design in- 
circuit and make changes anytime. In comparison, although 
gate arrays or custom ASICs offer the lowest unit cost, they 
suffer from long, rigorous development cycles, with the risk 
and inflexibility of nonprogrammability. 

Most factors that dramatically affect the cost of using an 


TABLE 1—FPGAS VS GATE ARRAYS 


Programmable FPGA Gate array 


Standard product Custom product 
Off-the-shelf delivery 


Fast time to market 


Months to manufacture 
Slow time to market 

User programmable Nonuser programmable 
No NRE 


No inventory risk 


NRE, expedite charges 
Customer specific 
Fully factory tested User test development 


Simulation helpful Simulation critical 





In-circuit design No in-circuit design 


Verification Verification © 
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FPGA COSTS 


ASIC are intangibles. Even though these costs don’t show up 
on a purchase order, they are measurable and should be 
included in your design decision (Table 1). 

Table 2 lists attributes and costs you would need for deter- 
mining the true costs of ASICs. By filling in the blanks with 
the costs for your project, you can tailor this analysis to your 
situation. The numbers in this sample analysis are “typical 


TABLE 2—DETERMINING ASIC COSTS 


Design attributes 
Number of gates in the design 
Package type 
Selling price of end system 
Cost of end system 
Product life in months 
Engineering $$ per person per week' 


Product forecast 
(total volume of this device used in the product) 


1000 units 
Year 2 12,000 units 
Year 3 5000 units 
Year 4 — 

Year 5 — 
Attributes ASIC FPGA 
Engineering costs $79,000 $25,000 
NRE $25,000 $0 

tools $10,000 $10,000 

$13 $39 


Year 1 


Average price 

Engineering labor in weeks 
Training in weeks 

Design capture in weeks 
Simulations in weeks 


Test-vector development 
in weeks 


Place and route in weeks 


Back annotations/DRCs 
in weeks 


Final simulations in weeks 
Proto cycle time in weeks 
Qualification in weeks 


Production leadtime 
in weeks? 


Potential for a re-spin 
expressed as a percentage 
of probability? 
Notes: 
' Industry standard is $3000. 
? Industry average for gate arrays is eight to 14. 


3 Industry average is 12% due to manufacturer error and 20% due 
to customer design changes. 
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numbers,” according to worldwide research by Dataquest 
and Integrated Circuits Engineering (ICE), two market 
research companies. 


Price*volume is deceiving 

The evaluation of whether to use an FPGA or ASIC must 
include more than a basic price*volume analysis to realisti- 
cally model true costs. Surprisingly, time to market, not unit 
price and NRE cost, has the greatest bearing on the cost of 
your design. To demonstrate, start with a basic break-even 
model and adjust it for time to market and other crucial fac- 
tors. 

The basic formula is: 


Basic break even = NRE+engineering+(units*price) (1) 


Gate arrays or ASICs have a much higher development cost 
than do FPGAs. Because of higher component price, FPGAs 
have traditionally been used in lower volume applications. 
However, that trend has reversed itself. FPGAs have no NRE 
charges, and their design cycles are short. However, if you 
consider only the fixed costs of a stable design in choosing 
an implementation, an FPGA’s low entry costs eventually 
converge with the unit price of an ASIC. 

Using the typical data from Table 2: 


ASIC = $25,000 NRE+$79,000 engineering and tools+ 


(X units*$13). (2) 
FPGA = 0 NRE+$25,000 engineering and tools+ 
(X units*$39). (3) 
Solving for the break even: 
X=79,000/26=3038 units. (4) 


Using this equation, when you take into consideration 
only the fixed costs of NRE, engineering dollars, and unit 
price, the break-even point between a mask-programmed 


TABLE 3—COMPARATIVE DEVELOPMENT TIME 


ASIC 
ee 


FPGA 
(weeks) 


1 


item oti 


7 
18 
19 
20 


21 
22 
23 
24 
25 
26 


Total time 


Nl WILOlTO;}Ol;mR|OININ 


W 
NO 
— 
—_ 


ASIC=32 weeks — eight months to production 
FPGA=11 weeks — 2.75 months to production 








WORLD’S SMALLEST SMT CO-AXIAL 
CONNECTOR 








Hirose has introduced its H.FL series SMT low-profile 
super-miniature coax connector; ata mated height ofonly } 
3mm (plug plus board-mount receptacle), it’s the vy. 
world’s smallest. The H.FL series offers plug to 4 
receptacle mating at 360-degree orientation; 


solderless crimping for connector top 


cable termination and tool forunmat- Lo 


ing the plug and receptacle. The 
H.FL coax has high frequency 
characteristics of DC -3000 
MHZz/V.S.W.R. below 1.3, | 
for up to 3 GHz. Applica® 
tions include cellular tele- = | 
phones, radio communications “™ 
equipment, GPS and other projects 
requiring small coaxial connectors. 
For further information, contact Hirose 
Electric (U.S.A.), Inc., 2688 Westhills 
Court, Simi Valley, CA 93065-6235. (805) 
522-7958 ask for extension 24 or 29. 
Fax (805) 522-3217. 
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NEW SONIC WELD 
PC CARD KIT 





Hirose is offering the US series, an innovative 
sonic-weld, two-piece PC card kit which offers 
greater strength and lower cost of assembly. 
The US series is available for Type | & Il, PCM- 
CIA cards. The cost-effective kit works by sim- 
ply inserting the PCB into one-half, snapping 
on the other half, testing the card, then sonic 
welding in less than a second. The US series is 
ideal for 88-pin DRAM cards, 68-pin memory 
cards and 1/0 cards in 9, 15, 25 and 32-posi- 
tions. They are available with or without label 
recess. 

For further information, contact the sales depart- 
ment, Hirose Electric (U.S.A.), Inc., 2688 
Westhills Court, Simi Valley, CA 93065-6235. 
(805) 522-7958, ask for extension 24 or 29. Fax 
(805) 522-3217. 
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© 1995 Hirose Electric (U.S.A.), Inc. 


HALF-PITCH CARD EDGE 
CONNECTOR FOR PCI BUS 


Hirose is now provid- 
ing the CR27, a half- 
pitch (1.27mm) card 
edge connector for 
PCI bus (Peripheral 
Component Intercon- 
nect). The high densi- 
ty CR27 features 120 contacts and can be used with either a 32-bit 
5V or3.3V specification. This is useful when designing for fast con- 
necting of interface components to a computer or a wide variety of 
office automation products. The CR27 meets PCI Local Bus Spec- 
ification 2.0. Contacts on the CR27 are preloaded to offer a stable 
contact. Positioning bosses and standoffs are provided for effective 

{lux cleaning. Hirose Electric (U.S.A.), Inc., 2688 
= % % Westhills Court, Simi Valley, CA 93065-6235. 
805) 522-7958, ask for ext. 24 or 29. 
M,. Fax (805) 522-3217. 
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PC CARD CONNECTOR 


UPDATE VIII 


Just when you thought you have seen 
everything in PC card connector technol- 
ogy, Hirose presents more surprises. 

For Hirose customers, though, these com- 
pact solutions are expected. Becatuse every 
day, Hirose helps design engineers package 
compact memory and I/O capability into 
sophisticated, compact electronic products. 
Dual-Slot SMT 

Hirose now offers the dual-slot IC8, 
shown above, a two-piece SMT-to-board 
connector, designed for PCMCIA type I, II 
and III cards. The unique two-piece con- 
struction provides full access to the SMT 
contacts. Note in the drawings how the 
clip-on ejector moves in to 
dock with the SMT con- 
nector. Available with | 
22mmand5mm ¢@ 
standoffs. _ > 
Single-Slot SMT ~~ 

Shown to the right ™® 
is the IC7, a compact, " 
light-weight, 68-pin connec- 
tor suitable for PCMCIA Type [, Il and II] 
cards. 






























Shown is the IC8, a dual-slot, two-piece, SMT-to-board 





1MM SMT/ZIF-TYPE FLEXIBLE 
PCB CONNECTORS 


Hirose has intro- } 
| duced a 1mm con- 
x| tact spacing connec- | 
tor to its FH12 series 

which features anew | 
concept in “flip-lock” | 
\| SMT/ZIF — flexible | 
printed circuit board | 
; past lac caitins $iaA5 ih BES connectors. The 
1mm contact spacing is a half loaded version of the FH12 series of | 
0.5mm contact spacing connectors. These connectors are ideal for 

use with miniature FPC/FFC for SMT and avoid the problems asso- | 
ciated with traditional slide lock systems. The flip lock latch allows 
these connectors to stack end to end. Ideal for LCD-related prod- | 
ucts, portable phones, CD-ROM and other miniature equipment, | 
the FH12 offers a mounting height of 2mm and is ideally suited to | 
high density mounting projects. 
Hirose Electric (U.S.A.), Inc., 2688 Westhills Court, Simi Val- | 
ley, CA 93065-6235. (805) 522-7958, ask for extension 24 or | 
29. Fax (805) 522-3217. CIRCLE #38 















connector. The SMT portion provides full access for 
visual inspection of solder terminations. 


About half the weight and substan- 
tially smaller and thinner than previous 
product, the IC7 is suitable for SMT or 
through-hole mounting, standard or 
reverse placement under the PCB and 
with options of left or right hand eject 
buttons. The choice is yours. 


Dual-Slot Through-Hole 

If you are looking for aliernative 
designs, consider the ICé6 series of dual- 
slot PC card header connectors. These 
through-hole connectors are available in 
high-temp or value-engineered versions, 
and will take Type I, II and III cards. 

All of the above connectors are 
available in low voltage versions. Now 
is the time to use Hirose PCMCIA card 
interconnects, with ESD and EMI protec- 
tion, on your current projects. 


Hirose Electric (U.S.A.), Inc. 
2688 Westhills Court, Simi Valley, CA 
93065-6235 * (805) 522-7958 

FAX (805) 522-3217 
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FPGA COSTS 


ASIC and an FPGA is 3038 units. Therefore, if the total 
requirement for the above design example is fewer than 3038 
units over the life of the program, the FPGA is a cheaper way 
to produce the devices. 

One critical factor that this analysis ignores, however, is 
that the prototype-to-production cycle typically lasts for 
months. (Dataquest estimates that the average prototype-to- 
production time is seven months). During this time, you 
might use hundreds of preproduction units. 

Therefore, to end your analysis here can easily lead to an 
erroneous conclusion. Surprisingly, the unit price and NRE 
charge are a small portion of the true costs. Time-to-market 
considerations make the most difference in total cost. 

Missing a market window or delivering a product late 
because of long development and debug cycles can hurt a 
product’s profitability over its life. According to a study by 
McKinsey and Co, late delivery has a greater impact on prof- 
its than does development or product-cost overruns. This 
effect is especially true in highly competitive markets. 

How do you determine a late delivery cost? You can add 
time-to-market losses to the total product cost by using data 
points from your data chart (Table 2). The triangular model 
in Fig 1, developed by Logic Automation (now owned by 
Synopsys), shows the effect of delivering your product late. 
The model assumes that the peak of the product’s earnings 
is in the middle of its life cycle and is independent of when 
you actually deliver the product. The lost revenue is the area 
of the large triangle less the area of the small triangle. 


Percentage of lost revenue = [((D(3W-D)/2W7)(100)]. (5) 


From Table 3, the delay consists of the sum of items #17 
through #27. You need 32 weeks or eight months to produc- 
tion to develop an ASIC. In contrast, an FPGA takes only 11 
weeks or 2.75 months to production. 

Because an FPGA is the faster approach to designing and 
delivering custom logic, the time lost building an ASIC is the 
difference between delivering the product with an FPGA 
(2.75 months) and delivering it with an ASIC (eight months), 
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TABLE 4—ASIC RE-SPIN TIME 


Stages 

Design recapture 

Design resimulate 

Test vector development 
Place and route 

Back annotation 

Final simulation 

Proto cycle 

Production leadtime 
Total time 





or 5.25 months, in this example. If the market for the prod- 
uct is three years or 36 months, the lost revenue from devel- 
oping a gate array would be: 


Lost revenue = [5.25(3*18—-5.25)/367)*100] = 19.75%. (6) 


Therefore, even if your product generates profit at the same 
pace as if it had been ready at the beginning of its window, 
you cannot regain the time lost, and you must add that lost 
profit to your cost. 

Selling price of end system—(cost of system*volume/year) = 


net profit 
Net profit = $2000-$1100*(S000+12,000+S000) = 
$19,800,000 life of program. (7) 


If the lost profit is as much as 19.75%, the gate array costs 
an additional $3,910,500. Inserting this cost into Eq 2 
changes the cost equations: 


ASIC total cost = 25,000+79,000+3,910,500+ 
(X units*13). (8) 


FPGA total cost = 25,000+(X units*79). (9) 


and the break-even point moves to 153,423 units. 


Additional re-spin cost 

But the costs haven’t finished adding up. Although aver- 
age failure rate for first-time designs is only about 10%, the 
greater risk with most designs is that they change several 
times before production. These changes result from your 
modifying logic or fixing bugs and refabricating the device. 
These iterations take time and substantially raise the costs of 
a gate array. 

Currently, roughly 30% of designs are re-spun. Using this 
number and assuming another $25,000 NRE charge, the 
probable cost of a re-spin is: 


Re-spin cost = [(17 weeks*$3000 engineering per 
week)+NRE]*re-spin potential. 


Re-spin cost = [(17*3000)+25,000]*0.3 = $22,800. 


(10) 
(11) 


In contrast, FPGAs require no manufacturing re-spin time, 
so the FPGA cost does not change. The ASIC’s cost is now: 


How Do You Build Your Own Virtual Instruments? 





With PC-Based 


Data Acquisition. 


Gite high quality hardware and easy-to-use 
software makes building your own instruments 
possible. And at National Instruments, we are committed 
to designing both DAQ hardware and software that 
balances ease of use with flexibility and performance 

to maximize your productivity. 


Built-In Compatibility 

Because our DAQ hardware is designed together with 
our LabVIEW® and LabWindows’/CVI software, you are 
guaranteed compatibility and complete access to the full 
capabilities of our hardware. 


Built-In Flexibility 
Build a virtual instrument with our application software and 
instrumentation-class, analog, digital, 
and timing I/O DAQ products. Or 
integrate a DAQ system with existing 
GPIB, RS-232, and VXI instruments. 







<7 NATIONAL 
INSTRUMENTS 


The Software ts the Instrument® 


Built-In Performance and Technology 

Leverage off computer technologies that include PCMCIA, 
Windows, and Plug and Play; and DAQ technologies such 

as advanced ASICs for high-speed data transfers, triggering, 
and timing. Our analog technologies not only guarantee high 
accuracy at all gains and all sampling rates, but also minimize 
noise with isolated analog and digital ground planes. 


Built-In Productivity 

Easy installation is only the beginning. You get one 
contact for both hardware and software. You get accurate 
and reliable data. And, you can modify your application, 
port to a different platform, or build a completely new 
virtual instrument by re-using your existing work. 


Call for your FREE DAQ Designer; 4 
a computer-aided Virtual 
Instrumentation configuration 
tool for data acquisition. 

(800) 433-3488 (U.S. and Canada) 
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FPGA COSTS 


25,000+79,000+3,910,500+22,800+(X units*13), (12) 


and the break-even point moves to 154,300 units. 


But this analysis fails to account for the revenue lost dur- 
ing the 17 weeks that you spent recapturing, simulating, pro- 
totyping, and getting the design approved (Table 4). The lost 
revenue rises to 32.6% of the total revenue, or $6,454,800, 
instead of the $3,910,500 before the re-spin. Break even now 
becomes 252,176 units. 


Inventory counts, too 

Stocking inventory is necessary with custom parts because 
of long leadtimes, single sources, upswings in demand, and 
end-of-life buys. One generally accepted standard for mea- 
suring the cost of inventory is to use the current interest rate. 
For this example, assume the rate is 8%. Adding that into the 
equation, the cost becomes: 


Inventory calculation = 0.08*units*price = (0.08*22,000 
*13) = $22,880 


Adding this into the ASIC’s cost: 


ASIC total cost=25,000+79,000+6,454,800+22,800 
+22,880+(X units*13). (13) 


In contrast to the ASIC, the FPGA does not have invento- 
ry carrying costs because it is a standard product with a short 
production leadtime and is available from distribution. 
Therefore, the FPGA equation does not change. Break even 
becomes 253,056 units. 

Many users of ASICs require a second source because of the 
risk of not getting custom product from a single source. 
FPGAs are stocked and available from distributors, alleviat- 
ing much of this danger. However, the cost of bringing on an 
ASIC second source is almost as high as developing the first 
source. The equation in this case could become: 


ASIC total cost=25,000+79,000+6,454,800+22,800 
+22,880+64,500+(X units*13). (14) 


If the second source costs $25,000 NRE and the engineer- 
ing costs are half of the original costs ($39,500), the new 
break-even point would be 255,537 units. 


Effects of price reductions 

Most FPGA and ASIC pricing changes with time and vol- 
ume. Historically, FPGA pricing has decreased 25% per year 
while ASIC pricing has decreased about 5% per year. 


FPGA price reduction = $39*0.80 = $31. 
ASIC price reduction = $13*0.95 = $12.35. 


(15) 
(16) 


This price decrease moves the break-even point to 356,245 
units. 

An approach that provides time to market and design flex- 
ibility during the development stages of a project and offers 
a path to lower production costs would be better than choos- 
ing either FPGA or ASIC. Several companies offer FPGA-to- 
ASIC conversion to help achieve these goals. For example, by 
using the LCA files created during FPGA development, Xil- 
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inx can convert production-worthy FPGAs into a mask-pro- 
grammed version of the FPGA design that costs as much as 
60% less than the corresponding FPGA. 

Replacing FPGAs with mask-programmed devices—Xilinx 
calls them “HardWire LCAs”—during the program’s produc- 
tion phase has a dramatic effect on the cost of ownership. In 
almost all cases, the combined development speed and flex- 
ibility of the FPGA and the migration to mask-programmed 
parts are far less expensive than are traditional approaches. 
Continuing our example: 

FPGA price=$39 
HardWire price=$18 
HardWire NRE charge=$18,000. 

Assuming a conversion to mask-programmed parts begin- 
ning in Year Two, with consumption of 5000 units in the first 
year, 12,000 units in the second, and 5000 units in the third, 
the average price of the units works out to $22.77. 


Average FPGA/HardWire price = [(S000 at $39+17,000 at 
$18)/22,000] 


Move the break-even cost for the FPGA/HardWire approach 
against the ASIC approach to: 


FPGA+HardWire total cost=25,000+18,000+(units*22.77) 


ASIC total cost=25,000+79,000=6,454,800+22,800+22,880+ 
64,5001+(X units*13) or 678,196 units 


Conclusions on break-even analysis 

Carefully examining the total cost of an ASIC leads to 
some surprising observations. By far, the time-to-market 
cost, rather than the unit price or NRE charge, has the great- 
est impact on a development program. Time to market 
accounts for 90% of the total cost picture. Combining the 
FPGA with its mask-programmed equivalent for production 
volume moves the break-even point into high-volume areas. 
Other considerations, such as inventory and cost of second 
sourcing, add to the total cost of an ASIC program, but to a 
lower extent than time to market or design flexibility. 
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Joseph Liu is senior applications engineer for Xilinx Asia Pacific, 
with responsibility for applications support throughout Asia. Liu 
has an EE degree from the University of Texas in Austin. He has 
been with Xilinx for four years, working in both the factory and 
the field. You can reach him at (852) 2410-2740; fax (852) 
2494-7159; email joel@xilinx.com. 
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IEEE 488.2 for DEC® Alpha 

The Alpha488™ enables IEEE 488.2 
control from DEC’s AlphaServer 
1000™, AlphaServer 2000™, or 
AlphaStation 3000™ workstations via 
their internal EISA slot. The half-slot 
board provides 1 Mbyte/s data transfer, 
a high-level device driver, 16-bit DMA 


transfers, and interrupt support. $995. 
IOtech, Inc. (216) 439-4091. CIRCLE 205 


Miniature Parallel/IEEE 488.2 
Converter 

The 2" x 2.3" Parallel488/p™ parallel IEEE 
488 converter lets you connect an IEEE 
488 printer/plotter to any PC running DOS 
or Windows. It features a 25-pin “D” par- 
allel connector on one end and an IEEE 
488 connector on the other. To start print- 
ing, you simply attach the unit to your 
printer’s IEEE 488 port and a parallel cable 


from your computer to the unit. $195. 
IOtech, Inc. (216) 439-4091. CIRCLE 206 


WORLDWIDE DISTRIBUTORS: Australia 


PC /IEEE 488.2 Controllers 890-2010; Denmark, +45 42 18 48 57; E 4 3 
The Personal488™ and Power488™ series | | ael, +972 03 498538; Italy, +392 =e a 
include IEEE 488.2 interfaces for desktop , 0 64k soe. \. . 7 
PCs, notebook PCs, and PC/104 board- 
level computers. Software support 
includes DOS, Windows™, and Windows 
NT™ drivers for all programming lan- 
guages including C, Pascal, Visual 
Basic™, and Quick Basic™. From $395. 


1Otech, Inc. (216) 439-4091. 
CIRCLE 207 
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Temperature & Voltage Measurement 

The 19" rack-mountable MultiScan/1200™ 
temperature and voltage measurement 
instrument offers both channel-to-channel 
isolation and high accuracy. It can scan 
thermocouples and volts at up to 147 chan- 
nels/s and digitize waveforms at up to 20 
kHz. It can accept 24 differential voltage 
and temperature inputs, and can be easily 
expanded up to 744 channels. $2490. 
IOtech, Inc. (216) 439-4091. CIRCLE 209 


Furnace Control System 
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Visual Basic™ Séftware Tools 


VisuaLab 4.0™ software provides Visual 
Basic™ users with over 100 point-and- 
click tools for adding graphical user inter- 
faces (GUIs), charts, and statistics and 
analysis functions to their data acquisition 
and IEEE 488 control applications. $395. 
IOtech, Inc. (216) 439-4091. CIRCLE 210 
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Compact Serial/IEEE 488 Converter 
The 2" x 2.3" Serial488/p™ serial-to-TEEE 
488 converter enables users to directly link 
a PC or workstation to an IEEE 488 plotter 
or printer, such as a Hewlett-Packard 
ThinkJet™ printer. The miniature conver- 
ter draws its power from the computer’s 
serial port and can be connected to it 
directly or via cable. The Serial488/p 
incorporates a 120-character buffer, and it 
accepts RS-232C data at 9600 bps. $295. 
IOtech, Inc. (216) 439-4091. CIRCLE 211 

















With the widest selection of A/D systems, 

signal conditioning, and software, |Otech’s 

DaqBook series leads the way in notebook 

PC-based portable data acquisition systems. 

Our DaqBook systems offer: 

¢ PC connection via parallel port, enhanced 
parallel port (EPP), or PCMCIA 

e 12- or 16-bit, 100 kHz A/D conversion 

¢ 100K reading/s real-time storage to disk 

¢ 512-location randomly programmable 
channel/gain queue 

¢ high-speed digital |/O & counter/timers 

e AC or DC operable 


The DaqBooks can be expanded up to 256 
channels of mixed signal inputs while main- 
taining a 10 us/channel scan rate. Our family 
of economical, compact signal conditioning 
cards provides: 

¢ high- & low-gain channel expansion 

* simultaneous sample & hold 

¢ thermocouple inputs 

* strain-gage inputs 

4-20 mA inputs 

isolated volt, thermocouple, RTD, 

& strain-gage inputs 

low-pass filtering 


The DaqBooks unsurpassed software support 

includes: 

e DOS & Windows drivers for BASIC, Visual 
Basic, C, & Pascal 

e Visual Basic eXtensions (VBXs) 

¢ DaqView & PostView graphical applications 

e Snap-Master™ drivers 

¢ Labtech Notebook™ drivers 

¢ DasyLab™ drivers 

¢ LabView® drivers 


Contact us today 

for your free |Otech 
catalog and software 
demo disk. 








the smart approach to instrumentation" 


lOtech, Inc. © 25971 Cannon Road ¢ Cleveland, Ohio 44146 
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WORLDWIDE DISTRIBUTORS: Australia, +61 3.579.3622; Austria, 
+43 (1) 259 72 70-0; Belgium, +32 (0)2 466 81 99; Canada, (905) 
890-2010; Denmark, +45 42.18 48 57; Eastern Europe, +43 
1.54.515,88.0; Finland, +358 0.423911; France, +33 1.34.89.78.78; 
Germany, +49 711 79 80 37; Israel, +972 03 498538; Italy, +39 2 
66015566; Japan, +81 3-5688-6800; Korea, +82 2 538-4001; 
Netherlands, +31 (0) 70 399 6360; Southeast Asia, +65 482-5600; 
South Africa, +27 (12) 660-2884; Spain, +34 1.597 29 78; 
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New 3.3 VDC to 100 VDC 
standard in Industrial, 


COTS and Military Models 












3VDC to 100VDC, py distinct i Con aces ahd the 
puts plus the capability of Parallel Operation, as 
cu t designs can be optimized. 


_ Assem| din 16 J.S.A. Nviitaln oa @x@) quality components, ‘ieee a density units 
allow the most stringent mech lanical, “electrical and environmental requirements. 











FAX or call today for immediate engineering assistance, product information or FREE catalog. 


7 ; Call Toll Free 
IC O Electronics,Inc. 800-431-1064 
453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 in New York Phone 914-699-5514 


FAX 914-699-5565 
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EDN MAGAZINE PRESENTS: 


MosuExro 99 


“THe ELECTRONICS TRADE SHOW On WHEELS” 


This travelling showcase of electronic 
products is coming your way! 


Check the schedule on the opposite page for the date and time we will be visiting your company. 
Take a few minutes while the exhibit is on-site to see and learn about the latest product innovations 
from the leading group of electronic suppliers listed below. Exhibitor representatives will 

be available to explain and demonstrate products and answer your questions. 
Just stop by the large display trailer during the posted 

show times and climb aboard! 












INTUSOFT 
FLUKE CORPORATION 
McKENZIE TECHNOLOGY 

E-T-A CIRCUIT BREAKERS 
NEWPORT TECHNOLOGY, INC. 
VISHAY RESISTIVE SYSTEMS 
OHMTEK — A VISHAY COMPANY 


NORTH AMERICAN 
CAPACITOR COMPANY 
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DATE 


5/1 
Monday 


5/2 
Tuesday 


5/3 
Wednesday 


5/3 
Wednesday 


5/4 
Thursday 


5/5 
Friday 


5/5 
Friday 


5/8 
Monday 


5/8 
Monday 


5/9 
Tuesday 


5/10 
Wednesday 


5/12 
Friday 


9/15 
Monday 


5/15 
Monday 


5/16 
Tuesday 


5/17 
Wednesday 


5/17 
Wednesday 


5/18 
Thursday 


5/18 
Thursday 


5/18 
Thursday 


5/19 
Friday 


5/22 
Monday 


5/23 
Tuesday 


5/23 
Tuesday 


5/24 
Wednesday 
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TIME 

1:00 - 3:00 
PM 

11:30 - 2:00 
PM 

9:00 - 11:00 
AM 

12:00 - 2:30 
PM 

9:00 - 11:00 
AM 

9:00 - 11:00 
AM 

11:45 - 1:30 
AM - PM 
9:00 - 11:00 
AM 

12:00 - 2:30 
PM 

11:00 - 1:00 
AM - PM 
11:30 - 2:00 
AM - PM 
9:00 - 11:00 
AM 
9:00 - 
AM 
1:30 - 
PM 
9:00 - 
AM 
9:00 - 
AM 
1:00 - 
PM 
9:00 - 
AM 
11:00 - 12:30 
AM - PM 
1:30 - 3:30 
PM 

11:00 - 1:30 
AM - PM 
11:30 - 1:30 
AM - PM 
9:00 - 11:30 
AM 

1:00 - 3:00 
PM 

9:00 - 11:00 
AM 


11:30 


3:30 


11:30 


11:00 


2:30 


10:30 


Mos=xr0 99 


Tentative Site Itinerary 
May 1 to June 16 


LOCATION 


GE PROTECTION & CONTROL 
205 Great Valley Parkway, Malvern, PA 


UNISYS CORPORATION 
2476 Swedesford Rd., Paoli, PA 


HONEYWELL, INC. 
1100 Virginia Dr., Fort Washington, PA 


LEEDS & NORTHRUP 
795 Horsham Road, Horsham, PA 


KULICKE & SOFFA 
2101 Blair Mill Road, Willow Grove, PA 


SIEMENS ROLM SYSTEMS TECHNOLOGY 
3 Computer Drive, Cherry Hill, NJ 


TELENEX COPORATION 
13000 Midlantic Drive, Mount Laurel, NJ 


FORMATION INC. 
121 Whittendale Drive, Moorestown, NJ 


LOCKHEED MARTIN GOV’T ELECTRONICS 
199 Borton Landing Road, Moorestown, NJ 


MARTIN MARIETTA CORP. 
230 Goddard Blvd., King of Prussia, PA 


AT&T BELL LABORATORIES 
600 Mountain Avenue, Murray Hill, NJ 


GEC MARCONI ELECTRONIC SYSTEMS 
164 Totowa Road, Wayne, NJ 


IBM CORPORATION 
522 South Road, Poughkeepsie, NY 


IBM CORPORATION 
Route 52, Hopewell Jct., NY 


PITNEY BOWES 
35 Waterview Drive, Shelton, CT 


GENERAL DATACOMM INC. 
Straghts Turnpike, Middlebury, CT 


BRISTOL BABCOCK 
1100 Buckingham Street, Watertown, CT 


HAMILTON STANDARD (Bldg. 1) 
Hamilton Road South, Windsor Locks, CT 


HAMILTON STANDARD (Bldg. 3) 
Hamilton Road South, Windsor Locks, CT 


HAMILTON STANDARD (Bldg. 4) 
New Britain Ave., Farmington, CT 


OTIS ELEVATOR 
5 - 15 Farmsprings Road, Farmington, CT 


RAYTHEON CO., ELECTRONIC SYS. DIV. 
1847 West Main Road, Portsmouth, RI 


EMC CORPORATION 
South Street, Hopkinton, MA 


CHIPCOM CORPORATION 
118 Turnpike Road, Southboro, MA 


G-TECH CORPORATION 
55 Technology Way, W. Greenwich, RI 


DATE 


5/24 
Wednesday 


5/25 
Thursday 


5/25 
Thursday 


5/26 
Friday 


5/30 
Tuesday 


5/31 
Wednesday 


5/31 
Wednesday 


6/1 
Thursday 


6/1 
Thursday 


6/2 
Friday 


6/2 
Friday 


6/5 
Monday 


6/6 
Tuesday 


6/6 
Tuesday 


6/7 
Wednesday 


6/8 
Thursday 


6/9 
Friday 


6/9 
Friday 


6/12 
Monday 


6/13 
Tuesday 


6/14 
Wednesday 


6/14 
Wednesday 


6/15 
Thursday 


6/15 
Thursday 


6/16 
Friday 


TIME 

1:30 - 3:30 
PM 
9:00 - 
AM 
1:30 - 
PM 
9:00 - 
AM 
9:30 - 
AM 
9:00 - 
AM 
12:00 - 1:30 
PM 

9:00 - 11:30 
AM 

12:30 - 2:30 
PM 

9:30 - 11:30 
AM 

12:30 - 2:00 
PM 

11:00 - 1:30 
AM - PM 
9:30 - 12:00 
AM 

1:30 - 4:00 
PM 

11:00 - 1:00 
AM - PM 
9:00 - 11:00 
AM 

10:00 - 12:30 
AM - PM 
2:00 - 3:30 
PM 

9:00 - 11:00 
AM 

10:30 - 1:30 
AM - PM 
10:30 - 1:00 
AM - PM 
2:00 - 3:30 
PM 

10:00 - 12:00 
AM 

1:00 - 3:00 
PM 

9:00 - 11:30 
AM 


11:30 


3:30 


11:30 


12:00 


10:30 





LOCATION 


THE FOXBORO COMPANY 
33 Commercial St., Foxboro, MA 


MOTOROLA ISG 
20 Cabot Bivd., Mansfield, MA 


INSTRON CORPORATION 
100 Royall St., Canton, MA 


LTX CORPORATION 
LTX Park @ University Ave., Westwood, MA 


POLAROID CORPORATION 
565 Technology Square, Cambridge, MA 


AMERICAN POWER CONVERSION 
9 Executive Park Drive, N. Billerica, MA 


LORAL INFRARED IMAGING 
2 Forbes Road, Lexington, MA 


PICTURETEL CORPORATION 
100 Brickstone Square, Andover, MA 


SIEMENS MEDICAL SYSTEMS, INC. 
16 Electronics Avenue, Danvers, MA 


ANALOGIC CORPORATION 
8 Centennial Drive, Peabody, MA 


ANALOGIC CORPORATION 
360 Audubon Road, Wakefield, MA 


CABLETRON SYSTEMS, INC. 
35 Industrial Way, Rochester, NH 


AT&T NETWORK SYSTEMS 
1600 Osgood Street, N. Andover, MA 


HEWLETT-PACKARD COMPANY 
3000 Minuteman Road, Andover, MA 


RAYTHEON CO., ELECTRONIC SYS. DIV. 
50 Apple Hill Drive, Tewksbury, MA 


TAU-TRON INC. 
10 Lyberty Way, Westford, MA 


SANDER COMPANY 
95 Canal Street, Nashua, NH 


SANDERS COMPANY 
65 River Road, Marrimack, NH 


HUGHES TRAINING, LINK DIVISION 
Kirkwood Industrial Park, Binghampton, NY 


LORAL FEDERAL SYSTEMS 
Bodle Hill Road, Owego, NY 


XEROX CORPORATION 
1350 Jefferson Road, Rochester, NY 


ASEA BROWN BOVERI 
1175 John Street, Rochester, NY 


GENERAL RAILWAY SIGNAL 
150 Sawgrass Drive, Rochester, NY 


HARRIS CORP., RF COMMUNICATIONS 
1680 University Avenue, Rochester, NY 


MOOG, INC. 
Seneca & Jamison Roads, E. Aurora, NY 
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It takes four of their 15-pin 
connectors to equal just one Molex 
LFH interconnect. Our unique 
60-pin design in a standard 15-pin 
D-Sub shell saves space and 
lowers system costs. 


Molex’s LFH (Low Force Helix) 
connector also offers high cycle 
life reliability and low insertion 
force. The LFH connector’s 
patented helix pins are thicker 


Molex's LEH Interconnect - 60 Pins 
In A Standard 15-Pin D-Sub Shell, Saves 


Space And Lowers System Costs. 





and stronger than conventional 
pins, yet small enough to allow 
low insertion force and high-pin 
counts—on .075” or .050” centers. 


A controlled contact finish and 
plating provides the best possible 
stamped contact interface, while 
also reducing the friction that 
causes the wear associated with 
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stubbing and zippering. Testing 
confirms the LFH connector 
exceeds the industry’s most 
stringent reliability standards. 


For designs requiring small 
packages, high pin counts, and 
reliable performance, the LFH 
interconnect is the singular choice. 
Test one for yourself. Call Molex 
today at 1-800-78MOLEX for 
more information. 
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Simulation backplanes 
allow concurrent use 
of multiple simulators 


KEVIN JORGENSEN AND PETER ODRYNA, PRECEDENCE INC 


Modern electronic-design- 
automation tools provide sub- 
stantial automation in design. 
Synthesis, automated design- 
layout, and complex power- 
and thermal-analysis tools are 
commonplace in today’s 
design shops. However, verify- 
ing whether a design is correct 
poses mounting difficulties 
for designers. Advances in simulation and modeling tech- 
nology and the increasing specialization of simulators have 
done little to reduce the design-verification effort before 
manufacturing. Co-simulation (Fig 1) has emerged as the 
one way to empower designers with the tools to control 
design verification and to achieve first-turn success with 
complex technologies and design requirements. 

The ideal method for accurately and rapidly simulating a 
complex design would be to use one simulator for the entire 
task. With such a simulator, you could avoid the model trans- 
lation, errors in interpretation, and redundant training 
efforts that accompany the use of multiple simulators. Unfor- 
tunately, except for simulating the simplest designs, an all- 
purpose simulator doesn’t exist. The quest for improved per- 
formance, accuracy, and functionality has led to a dramatic 
specialization in simulator technologies. 

Different components use different algorithms, and sever- 
al hardware-description languages (HDLs) have evolved to 
address specialized needs. For instance, to verify the modern, 
complex multiprocessing computer architectures in RISC 
systems, a large workstation vendor has created a specialized 
simulator whose sole purpose is to accurately and rapidly 
reproduce the behavior of the workstation’s CPU. The time 
it takes a general-purpose simulator to accomplish the same 
goal for even a single-CPU design would compromise the 
company’s competitive position. 

If a manufacturer proposed one all-encompassing simula- 
tor, it would need to support numerous HDLs, such as VHDL, 
Verilog-HDL, and HDL-Analog; several gate-level algorithms, 
including event-driven, leveled, and hybrid-timing; and 


Like hardware-backplane standards PCI and - 
SCSI, the standard calls in simulation back- 
planes allow you to connect multiple simu- 


lators for substantial gains in design 
productivity. 





some specialized algorithms, 
such as cycle, sampled- 
domain, and min-max-timing 
simulation. The designer of 
mixed-signal systems would 
also need numerous transistor- 
level algorithms, including 
Spice and switched-RC, and 
other complex algorithms for 
systems analysis, such as fre- 
quency domain. Attempts to produce such simulators have 
created “subset simulators” that fall short in providing cov- 
erage in any one simulation area and instead compromise 
either performance or—more commonly—functional com- 
pleteness. 

The notion of a single, do-all integrated tool is not limit- 





Epic Design’s Vertue co-simulation solution uses a simulation 
backplane to combine TimeMill transistor-level accuracy with 
Cadence’s Verilog-XL simulator to tackle the challenges of 
deep-submicron design. 
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ed to electronics simulation. A 
parallel to a single monolithic 
simulator ideal exists in the 
efforts to develop a single office- 
automation tool (Fig 2) that 
could operate as a spreadsheet, a 
word processor, a presentation 
tool, a calendar, and a database. 
The several attempts to produce 
such tools in the mid-1980s all 
failed, because the amalgamat- 
ed tools were mediocre at best in 
each area. Such “office-automa- 
tion tools” have succumbed to a 
family of “point tools,” each 
excelling in its own specialty. 


Joining simulators 

The specialization of algo- 
rithms and design tasks has 
forced designers to use two, 
three, and sometimes more sim- 
ulators in a design. Although 
the use of specialized simulators 
brings the benefits of each tech- 
nology into the design, those 
benefits invoke the cost of complicat- 
ing design verification. Each new sim- 
ulation tool requires at least two trans- 
lators—one for the design and a second 
for the design stimulus. If you need 
automatic correctness verification, 
common in test-bench methodologies, 
you must use additional translators and 
comparators. 

To combat this nightmare of compli- 
cated conversions, designers often 
implement “glued” simulators, often 
dubbed “merged kernels,” that join 
two simulators into a single tool or co- 
simulator (Fig 3). Design teams often 
employ these glued simulators as 
throwaway combinations. Merged ker- 
nels are custom-tailored, with substan- 
tial effort, to the design problem at 
hand. A design team could reuse them 
on a future design only if the team were 
redesigning the exact same part. 

Several companies now produce 
commercial offerings of glued tech- 
nologies. Many joinings of software 
simulators to hardware accelerators use 
glued technologies, for example. Other 
examples are plentiful. In the 1980s, 
Viewlogic introduced Viewsim/Pspice, 
gluing together analog and digital sim- 
ulators, and Analogy introduced 
Saber/Cadat. And Cadence introduced 
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The numerous parallels between evolutionary trends in office and design automation 
tools illustrate the natural migration toward open, multivendor simulation. 
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Two popular methods of combining simulators, backplanes, and merged kernels 
offer designers dramatically different levels of functionality and flexibility. 


the Verilog/Leapfrog glued Verilog/ 
VHDL simulator, which replaced an 
earlier product, VHDL-XL. 

Again, the office-automation-soft- 


ware analogy illustrates the evolution 
of multisimulators for modern, com- 
plex design problems. Once office- 
automation-tool developers realized 
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SIMULATION BACKPLANES 


that one satisfactory tool defied cre- 
ation, each major software company 
developed a glued product that orches- 
trated multiple-point applications from 
that vendor into a monolithic solution. 

Each vendor glued its point tools into 
a large conglomeration of software 
combining the strength of the point 





tool and the benefits of integration. 
Although the point tools from one ven- 
dor often worked together, it was 
impossible for a user to mix point tools 
from different vendors. A few vendors 
still market these “closed systems” in 
an attempt to trap users forever into the 
complete suite. 


The development of a glued simula- 
tion requires the cooperation of the 
respective simulation teams from the 
companies involved. For example, 
Analogy, the provider of the Saber sim- 
ulator, and HHB, the provider of Cadat, 
jointly developed Saber/Cadat. Even a 
glued solution from one company 


PERFORMANCE EVALUATION POSES TOUGH CHALLENGES 






Performance continues to be of paramount concern to design- 
ers. In fact, simulation performance ranks a close second to 
accuracy in simulation requirements. Co-simulation is no 
exception to this rule. However, measuring and optimizing co- 
simulation performance present unique challenges to both 
software developers and design engineers. 

Fortunately, recent advances in measuring co-simulation 
performance provide valuable new insights that can help 
designers optimally tune their co-simulators. For example, 
Precedence Inc’s performance-analysis tool kit comprises two 
components. A standard-performance reference circuit (Fig 
A) that runs independently in a single simulator or in a co-sim- 
ulation configuration provides raw information to the perfor- 
mance meter. 

The performance meter (Fig B) measures critical co-simu- 
lation parameters and calculates and displays environment- 
and circuit-dependent parameters that influence perfor- 
mance. By combining these tools, you can determine sources 
of performance degradation and tune the environment, the 
backplane, or the circuit partition to optimize performance. 

An example illustrates the use of the performance-analysis 
tool kit. The standard reference circuit comprises two sym- 
metrical, equal-sized blocks. The characterization procedure 
requires simulating each block independently and then com- 
bining the two blocks in co-simulation. The combination effec- 
tively doubles the circuit size, stimulus, and event reporting. 

The overhead expression is thus [toon tonyal/teogay: The per- 
formance meter measures such critical parameters as the num- 
ber of simulator synchronizations per clock and the number of 


BLOCK A BLOCK B 


STANDARD REFERENCE CIRCUIT 


STANDARD REFERENCE CIRCUIT: 12 SYNCS/CLOCK, 
32 MIXED EVENTS/CLOCK 
COMMUNICATIONS: MULTIPROCESS, SINGLE CPU 














mixed events per clock that a user can adjust to generate con- 
ditions at the simulator boundary. 

Recently, Viewlogic Systems used the co-simulation perfor- 
mance-analysis tool kit to characterize the performance of the 
company’s SimBus backplane product that links Cadence’s 
Verilog-XL to the Vantage VHDL simulator. 

“Viewlogic uniformly measured co-simulation performance 
approaching 90% of that of a single simulator when simulat- 
ing VHDL and Verilog HDL,” notes Dennis Harmon, director of 
technical services at Viewlogic. “These numbers were consis- 
tent whether using our own two simulators or combining sim- 
ulators from multiple vendors.” 





Co-simulation performance analyzers, such as the Prece- 
A standard-performance reference circuit provides raw dence PerfMeter, measure such useful figures of merit as 


information for evaluating co-simulation performance. simulator synchronizations per clock. 
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Key Features 


e Interface to Intel or Motorola 
host processors. 

e Emulate Hitachi 44780 data 
input.t 

e Parallel 8-bit or serial EIA-232 
data to 19.2Kb. 

e Low 5Vdc power. 

La , | . ¢ 100% surface mount tech- 
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: e Standard temperature range 
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range available -40° to 
+85°C. 
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e Vertical and horizontal scroll modes. 
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e Screen saver control mode for increased 
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Model Character Format Display Format Character Height th Max. Current — 
03602-100-05420 5x7 dot matrix 4x20 Sem ——“‘iczwOO:CU2TE UD 890mA 
03602-105-05220 5x7 dot matrix 2x20 Seam —“(<é‘i‘éczqxjxwOwO 62S0h6hl6lUUBR06©6©6UMTA 
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03702-026-091 20 14-segment 120 i hCG 390mA 
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SIMULATION BACKPLANES 


requires the cooperation of the soft- 
ware-development groups for each of 
the simulators. Because creating the 
glued simulation is not the primary 
objective of either of the teams, the 
simulation universally yields a product 
that meets only the minimum require- 
ments for co-simulation. 

The evolution of office-automation 
tools continues to parallel advances in 
multisimulation. Once office-automa- 
tion users began using glued solutions 
from single vendors, the users craved 
increased flexibility, including the abil- 
ity to use a combination of different 
vendors’ point tools. The office-com- 
puting industry responded with gener- 
al-purpose, open windowing systems 
that allow point applications from any 
vendor to coexist with other applica- 
tions. 

Multisimulator technology evolved 
to solve the co-simulation problem in a 
similar way. This technology, called a 
“simulation backplane,” allows you to 
simultaneously use two or more simu- 
lators from multiple suppliers in a 
design session. When you use a simula- 
tion backplane, you can easily select an 
optimum combination of simulators 
for the design. You can realize substan- 
tial gains in design productivity, 
through either reusing design blocks or 
eliminating complicating translations. 

Simulation backplanes allow you to 
interconnect multiple simulators 
through a set of standard calls, or “pro- 
cedures.” These procedures are analo- 
gous to hardware-backplane standards, 
such as the Peripheral Component 
Interconnect (PCI) or SCSI protocols. 
Once connected, the simulators behave 
as one and retain their individual qual- 
ities. The resulting simulator interoper- 
ability allows you to reuse design data, 
import models from an external source, 
and effect mixed-level simulation. Such 
simulation backplanes_ include 
Cadence’s OpenSim, Mentor Graphics’ 
Flexsim, Precedence Inc’s SimMatrix, 
and Viewlogic’s SimBus. 

Simulation backplanes offer extensi- 
bility and ease of use. Unlike glued-sim- 
ulator, or merged-kernel, integrations 
based on a simulator combination, sim- 
ulation backplanes provide a simulator- 
independent technology. Once you 
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MIXED NETS 


// Module instantiations ... 


adder cell unit0 (a0,b0,cin,g0,p0, sum0O); // instantiation of module "adder_cell" 


cl look_ahead! (cl, g0,p0,cin); 


adder_cell unit! (al,bI,cl,gl,pl, sum!1); 
c2 look_ahead2 (c2, g!, g0, pl, pO, cin); 


adder_cell unit2 (a2,b2,c2,g2,p2, sum2); 


¢3 look_ahead3 (c3, g2, g1, gO, p2, pl, pO, cin); 


adder_cell unit3 (a3, b3, c3, g3, p3, sum3); 


c4 look_ahead4 (cout, g3, g2, g!, g0, p3, p2, pl, pO, cin); 


endmodule 





Hierarchical partitioning gives designers easy access to multiple simulators in both 


schematic- and language-based designs. 
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NEC’s ASSP group used a simulation backplane to bridge the gap between Cadence 
and Viewlogic simulators. The result was a 20% reduction in design time. 


make the investment in the simulation 
backplane, you can add simulators as 
the design methodologies change and 
the need for new circuit or process tech- 
nologies arises. 

Just as open windowing systems pro- 
vide an easy-to-use, structured envi- 
ronment for combining spreadsheets, 





word processors, and presentation 
tools, simulation backplanes provide 
easy, natural access to the features of 
each integrated simulator. Unlike 
merged kernels that hide one simulator 
inside the other, backplanes provide 
direct access to the user interfaces of all 
simulators. First-time users or designers 
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migrating from one design to another 
can choose the environment with 
which they feel most comfortable. 

To allow simulating large or complex 

designs on multiple processors, a mod- 
ern simulation backplane provides 
three communications choices: direct- 
link single-process, multiprocess Unix 
streams, and network sockets. Using 
these communications options, you 
can maximize the use of software-sim- 
ulator licenses, tune the performance of 
the simulation environment, and take 
advantage of multiprocessing-CPU 
architectures. 
~ Communication via multiprocessor 
streams or network sockets allows you 
to exploit “concurrence,” a characteris- 
tic lacking in glued simulators and 
merged kernels. Concurrence allows 
two or more simulators to operate in 
parallel by exploiting the latency that 
results from a design partition and 
stimulus. Concurrence can provide sig- 
nificant improvements in simulation 
performance. 

Simulation backplanes offer features 
that are critical in maximizing co-sim- 
ulation performance and accuracy. 
Unlike a design that targets a single 
simulator, designs that contain models 
from multiple sources have two classes 
of component connections: intersimu- 
lator and intrasimulator signals. Inter- 
simulator signals, or “mixed nets,” 
define a boundary between compo- 
nents, simulators, model representa- 
tions, or levels (Fig 4). A modern simu- 
lation backplane automatically 
identifies these mixed nets and creates 
the appropriate connections between 
simulators, models, or levels. As a 
result, a designer sees no difference 
between a design employing only one 
simulator and a design employing a 
simulation backplane. 

Mixed nets have other significant 
attributes. Simulators on the backplane 
must synchronize timing information, 
in the manner of event synchroniza- 
tion in a logic simulator, as transitions 
and events are exchanged on the mixed 
net. The backplane software monitors 
each mixed net to detect transitions 
and to invoke synchronization algo- 
rithms. SimMatrix automatically mini- 
mizes the number of mixed nets by 
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using hierarchical design representa- 
tions and optimization algorithms. 
Reducing the number of mixed nets 
minimizes any overhead arising from 
monitoring mixed-net activity. In addi- 
tion, the backplane offers bidirectional 
signal-strength arbitration and pro- 
vides signal- and time-based synchro- 
nization algorithms. These features 
ensure accurate, real-time exchanges of 
information between two or more sim- 
ulators. 

Whether you use one simulator or 
multiple simulators, performance is a 
top priority. Optimizing multisimula- 
tor performance presents significant 
challenges. A backplane performance 
analyzer that measures critical syn- 
chronization, communication, and 
simulator parameters lets you maxi- 
mize co-simulator performance on a 
variety of designs (see box, “Perfor- 
mance evaluation poses tough chal- 
lenges”). 

Like their open windowing-system 
counterparts, simulation backplanes 
are increasingly becoming the pre- 
ferred method of tackling the daunting 
combination of complex designs and 
shrinking schedules. Recently, NEC’s 
Electronic Division reaped the benefits 
of backplane-based co-simulation (Fig 
5). Given the task of designing a new 
high-performance pP, the NEC design 
team faced tight deadlines and a long 
list of deliverables. The team recog- 
nized that it could reuse some func- 
tional blocks from a previous version of 
the pP. 

The NEC team switched to a new 
Viewlogic Powerview-based design 
using VHDL. The previous version of 
the pP used a Verilog-HDL description. 
Fortunately, using the SimMatrix- 
based ViewSim/VHDL-Verilog-XL co- 
simulation solution, the team enjoyed 
the benefits of language interoperabili- 
ty—between VHDL and Verilog HDL— 
and simulator interoperability—be- 
tween ViewSim/VHDL and Cadence’s 
Verilog-XL. As a result, the team group 
met its goals and realized savings of 
20% in the design time of the new CPU, 
according to Tom Chai, senior manag- 
er of NEC’s ASSP group. 

Today’s designers must use multiple 
simulators during a design. Although 


using a multialgorithm single simulator 
or gluing two simulators together may 
provide a short-term solution, the sim- 
ulation backplane provides a strong 
foundation for integrating optimum 
multisimulators across generations of 
designs and simulation products. 
Some of the critical features of a 
modern simulation backplane include 
hierarchical design partitioning, 
mixed-net identification and mini- 
mization, co-simulation performance 
analyzers, bidirectional strength arbi- 
tration, and distributed network co- 
simulation. As design complexity con- 
tinues to mount and the pace of design 
cycles quickens, engineers will rely 
increasingly on the freedom to choose 
the optimum point simulators and 
combine them into application-specific 
solutions. EDN 
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Dual power-manage- 
ment switch provides 
the performance of dis- 
crete devices in one IC. 
The MB3802 has a typical 
on-resistance of 0.120, 
dropping to 0.069 when 
using parallel connections. 
Off-response time is less 
than on-response time, 
eliminating the need for 
diodes to prevent reverse 
current flow. The chip oper- 
ates on low-input voltages, 
making it suitable for 3 and 
3.3V systems. Available in a 
16-pin SOP, the device costs 
$1.88 (10,000). Fujitsu 
Microelectronics Inc, San 
Jose, CA. (408) 922-9000. 
Circle No. 361 


Triple-IGBT/MOS driver 
includes all interface 
functions. The TD300 
drives up to three power 
MOSFETs or insulated-gate 
bipolar transistors (IGBTs) 
from CMOS or low-voltage- 
TTL signals. The device suits 
motor driving, power 
switching, and high-voltage- 
level shifting applications. 
The chip includes three 
independent drivers and 
provides an undervoltage- 
lockout circuit, a current- 
sense comparator with alarm 
output, and an op amp to 
interface the current-sense 
resistor to an ADC. $0.91 
(1000). SGS-Thomson Mi- 
croelectronics, Lincoln, 
MA. (617) 259-0300. 

Circle No. 362 


PCMCIA controller com- 
bines 32-bit ARM RISC 
processor and communi- 
cations peripherals. The 
VPS10101 Ruby II controller 
contains two UARTs, an 
SCC, a PIO, a two- or three- 
wire serial controller, high- 
speed SRAM, a counter/ 
timer, and an interrupt con- 
troller. The chip provides the 
address, data, and control 
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signals to implement PCM- 
CIA and ISA interfaces. Dur- 
ing I/O operations, the inter- 
face emulates a 16C550 
communications port, pro- 
viding backward compatibil- 
ity with existing communi- 
cations-port-based software. 
The chip also has four 
power-management modes 
from 30 mA at SV for 20- 
MHz operation to 150 A for 
fully stopped operation. The 
device comes in 176- and 
144-pin TQFPs and costs $25 
(10,000). VLSI Technology 
Inc, San Jose, CA. (408) 434- 
3000. Circle No. 363 


Ultra-low-jitter, dual- 
PLL, clock-generator ICs 
have up to eight output 
clocks. The W48C54A and 
W48CSSA use a single exter- 
nal 14.318-MHz reference 
crystal to generate a selec- 
table CPU clock and fixed- 
frequency clocks for a floppy 
controller, I/O chip, key- 
board controller, ISA bus, 





and other motherboard 
functions. The chips gener- 
ate a CPU clock and a 2X 
CPU clock with <1-nsec skew 
at frequencies up to 100 
MHz. The ICs meet Intel 
clock specifications for Pen- 
tium and 486 processors. 
They also meet power-man- 
agement requirements for 
Energy Star green PCs and 
operate from 3.3 or SV sup- 
plies. The W48CS54A has five 
clock outputs plus a 
rebuffered reference-clock 
output for video controllers 
and costs $2.44 (1000). The 
W48CS5SA has eight clock 
outputs plus two rebuffered 
reference-clock outputs and 
costs $2.67 (1000). IC Works 
Inc, San Jose, CA. (408) 922- 
0202. Circle No. 364 
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The commercial 172 Centrigrid® relay has hecoate 
a standard where price/performance ratios are the 
critical design criteria. 

This hermetically sealed relay locks out harsh 
environment, features a low profile and tiny footprint for 
direct PC board plug in. Low intercontact capacitance 
and low contact circuit losses provide excellent RF 
characteristics up through UHE All this in a low power, 
DPDT relay, with proven reliability. 

The $172 surface mount version brings many of the 
commercial Centrigrid® relays features to SMT 
applications and they are especially user friendly. These 
relays can be provided in tape and reel or IC tube 
carriers for automated production. 

Applications include automatic test equipment, 
medical electronics, test instruments, 
telecommunications and automotive circuitry. 

The commercial 
Centrigrid® gives you the 
benefit of a relay with an 
extraordinary 
price/performance ratio. For 
price, delivery, and more 
technical information, call 
1-800-284-7007 or Fax us 
at 1-213-779-9161 
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Bus-exchanger IC_ interfaces 
between slow main memory and 
the fast processor pipeline. The 
54/74FCT162H272 12-bit registered 
bus exchanger facilitates the synchro- 
nous transmission of data to and from 
main memory for both RISC and CISC 
wPs operating at up to 100 MHz. The 
device has a 4.2-nsec max propagation 
delay and a 250-psec output skew. Bal- 
anced drive outputs and integrated 
series-termination resistors reduce 
switching noise. Minimum static cur- 
rent drive is +24 mA at the guaranteed 
logic thresholds of 400 mV and 2.4V. 
The 56-pin device comes in 25- and 
19.6-mil-pitch SSOPs and cerpacks. 
From $2.50 (10,000). Integrated 
Device Technology Inc, Santa Clara, 
CA. (800) 345- 7015. Circle No. 365 





Hybrid converts rectified line volt- 
age to 5V dc without a trans- 
former. The BP5030 eliminates the 
need for a transformer, reducing space 
and weight requirements. The SIP 
device measures 17.9X30.510.4 mm 
and weighs approximately 2g. It 
requires an external diode and two elec- 
trolytic capacitors. The device works 
with ac sources of 80 to 120V rms at SO 
to 60 Hz and provides up to 100 mA 
current at 5V. The low mass and the 
lack of a transformer provide high 
immunity to shock. The devices cost 
$2.55 (10,000). Rohm Corp, Electron- 
ics Division, Antioch, TN. (615) 641- 
2020. Circle No. 366 


DIMMs minimize board space and 
provide high density. This 8-byte- 
wide dual in-line memory module 
(DIMM) has 168 pins and suits use with 
64-bit wPs. The DIMMs are available in 
a 64-bit nonparity version and a 72-bit 
error-correction-code (ECC) version. 
Prices range from $245 (1000) for the 8- 
Mbyte THM641010AG-6/7 to $1050 
(1000) for the 32-Mbyte THM72V4010- 
BTG-6/7 with ECC. Another version, 
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the 72-pin SO DIMM, suits portable 
PCs. It mounts horizontally to the 
motherboard with a connector that 
suspends the module above the board, 
allowing other components to mount 
beneath the module. The 32-bit-wide 
SO DIMMs range from the 4-Mbyte 
THL32V1070ATG-6/7 ($150 (1000)) to 
the 16-Mbyte THL32V4010-BTG-6/7 
($490 (1000)). Samples are available 
now, and production is scheduled for 
the second quarter. Toshiba America 
Electronic Components Inc, Irvine, 
CA. (800) 879-4963. Circle No. 367 


350V, monolithic, MOS, power op 
amp available in surface-mount 
package. The PA43 comes in a pinless, 
nonhermetic, surface-mountable DIP. 
It handles 350V rail-to-rail with a peak 
output current of 120 mA. The light- 
weight device measures 0.75 <0.465 x 
0.079 in. and has the die attached to 
the package’s lid to facilitate heat dissi- 
pation. Key specifications include a 40- 
V/psec slew rate and a 2-mA quiescent 
current. $13.60 (10,000). Apex 
Microtechnology Corp, Tucson, AZ. 
(602) 690-8600. Circle No. 368 


Photodiode and amplifier IC oper- 
ates from a single supply. The 
OPT101 combines a photodiode, a 
transimpedance amplifier, and a 1-MQ 
feedback resistor in a single monolithic 
IC. The device suits applications such as 
smoke detectors, position and proximi- 
ty sensors, and medical and laboratory 
instrumentation. It draws 120 pA from 
a 2.7 to 36V supply. It can also operate 
from dual supplies. A 7.5-mV output- 
pedestal voltage provides linear opera- 
tion down to zero light with a single 
supply. Other key specifications 
include a bandwidth of 14 kHz and a 
photodiode responsivity of 0.45 A/W at 
650 nm. The device is available in a 
clear, eight-pin DIP and a five-pin, ver- 
tical SIP. $2.55 (1000). Burr-Brown 
Corp, Tucson, AZ. (602) 746-1111. 
Circle No. 369 


10-bit, 20M-sample/sec ADC costs 
<$10 (OEM). The HI5710 provides 10- 
bit resolution for digital video systems. 
The 20M-sample/sec sample rate pro- 
vides four-times oversampling of 4.5- 
MHz video-bandwidth signals, simpli- 
fying the design of antialiasing filters 
used ahead of the ADC. The device fea- 
tures a 131-mW max operating power 
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Here’s a terrific opportunity to learn the cutting edge 
design solutions . . . short-cuts . . . and money saving 
techniques you'll need to create tomorrow’s best- 
selling products. 

Not head-in-the-clouds theory, but down-to-earth, 
practical information from Analog Devices, a company 
with 30 years experience as a world leader in 
analog/digital design. 

Here’s a sampling of the topics we’ll be discussing 
during our full-day seminar series, starting April 18th: 


e Single-Supply, Low-Power Circuits 

e High-Speed, Wide-Dynamic-Range Under- 
sampling Systems 

¢ Low-Distortion Measurements 

Multichannel Data Acquisition Systems 

» Optimized High-Speed Op Amps and ADCs 

Precision Circuits with Op Amps, 

Instrumentation Amps, ADCs and DACs 

Practical Hardware Design Techniques 


nission is just $30, and includes lunch, re- 

ents, a 500-page “Practical Analog Design Tech- 
” suide and much more. 

eserve your seat, mail a check payable to Analog 
s to: Analog Devices, Attn: Design Seminar ‘95, 
llardvale Street, Wilmington, MA 01887. 

more information or to charge your ticket, 
800-ANALOGD (262-5643) today (in Canada, 
7-937-1430). Or for Fee 500-paye 


“Practical Analog 
™ gume Design Techniques” 
m guide & more. 
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Look into any communications product. For voice, video, or data. 
Wired or wireless. Whether transmission or customer premises equipment. 
From data network to telecom switch. Chances are, you'll find a Computer 
Products power supply inside. 

First in high-density DC/DC converters, we continue to provide 
innovative power solutions to leading manufacturers of communications 
equipment—many since they were startups. 

We offer the broadest standard product line of DC/DC converters and 
AC/DC power supplies—which conform to the strictest global communica- 
tions standards—specifically designed for communications applications. 
High-density power converters. Distributed power architectures and modular 
systems, All off-the-shelf or custom. 





You can expect friendly, professional, knowledgeable support from the 
design cycle through production and delivery. Before, during, and after the 


sale. Whether you need to make a 

design change or adjust the schedule. We 

call it FirstPerson™ Service. 

Ensure the success of your communications 
system. Start with reliable innovative power solutions 
from Computer Products. Call us today, In the East, 


1-800-733-9288. In the West, 1-800-769-7274. 
CIRCLE NO. 70 
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and a 5-mW power-down 
mode. It can drive 5 or 3.3V 
logic. The full-power analog- 
input bandwidth (-1 dB) is 
70 MHz, providing a flat gain 
response at video frequen- 
cies. Typical signal-to-noise- 
and-distortion characteris- 
tics are 53 dB at 1 MHz, 54dB 
at 3 MHz, 47 dB at 7 MHz, 
and 45 dB at 10 MHz. The 
device maintains 8 effective 
bits up to 5.5 MHz. $14.15 
(1000). Harris Semiconduc- 
tor, Melbourne, FL. (800) 
442-7747, ext 7312. 

Circle No. 370 


Low-cost clock buffers 
offer low propagation 
delay and low skew. The 
CY 7B99 Ts TTL) and 
CY7B9920 (CMOS) clock 
buffers have a 500-psec 
input-to-output propagation 
delay and a 250-psec pin-to- 
pin skew. The clock drivers 
provide eight outputs that 


Wavetek's New 


Performance and Portability... 
Unparalleled Calibration Quality 


The Model 9100 Universal Calibration System can 

fully exercise the performance limits of the most diverse 
calibration workload—from analog and digital multimeters 
to panel meters, clamp meters, electronic thermometers, 
chart recorders and data loggers. You can even configure 
the Model 9100 to calibrate analog and digital oscilloscopes, 


combination scope/multimeters and counters! 


The Model 9100 is light enough to carry on-site to your 
instruments. With plug-in PCMCIA procedure cards, 


f your calibration needs are multiplying, Wavetek’s 


new Model 9100 is just what you need. 





can drive 500 terminated 
lines. The PLL-based drivers 
accommodate 15- to 80- 
MHz clock rates and come in 
a 24-pin SOIC package. 
$4.95 (10,000). Cypress 
Semiconductor, San Jose, 
CA. (408) 943-2600. 

Circle No. 371 





Device generates en- 
crypted signals’ for 
remote, keyless-entry 
applications. The HiSec 
rolling-code generator pro- 
vides a different signal with 
each transmission, offering 


the Model 9100 is ready to guide even untrained operators 


through the entire calibration process, from connecting the 


leads to printing out an IS09000 compliant calibration certificate. 


I$09002 


So however diverse your calibration 


workload, and wherever you need to go 


improved security over key- 
less encryption systems that 
send a fixed code. The device 
randomly generates a code 
from 2* possibilities, yet the 
coding scheme fits into only 
13 bytes of memory. It costs 
$1.50 (OEM) for a turnkey 
system. National Semicon- 
ductor Corp, Santa Clara, 
CA. (800) 272-9959. 

Circle No. 372 


In-system PLD Is compat- 
ible with uwPs operating 
at up to 75 MHz. The 32- 
macrocell ispLSI 2032-150L] 
has a maximum operating 
frequency of 154 MHz. Tim- 
ing specifications include 
5.5-nsec pin-to-pin logic 
delays, a 3-nsec input-signal 
setup time, and a 4.5-nsec 
clock-to-output time. In-cir- 
cuit programming occurs 
through a five-wire, 5V, seri- 
al interface. The device 
comes in a 44-pin PLCC and 


In the USA: 


Wavetek Corporation 
9045 Balboa Ave 
San Diego, CA 92123 
Tel 1-800-223-9885 
Fax (619) 450-0325 


costs $23.75 (1000). The tra- 
ditional programmable pLSI 
2031-150LJ costs $19 (1000). 
Lattice Semiconductor 
Corp, Hillsboro, OR. (503) 
681-0118. Circle No. 373 


12-bit, 20M-sample/sec 
ADC operates on low 
power. The CLC949 has 
programmable power con- 
sumption from 65 mW at 
SM samples/sec and 220 
mW at 20M samples/sec. At 
20M samples/sec, the con- 
verter delivers a 65-dB S/N 
ratio and a 72-dBc spurious- 
free dynamic range (SFDR) 
with a 9.9-MHz analog 
input. Programmed for 65- 
mW power consumption 
and a 5M-sample/sec conver- 
sion rate, the device has a 67- 
dB S/N ratio and a 75-dBc 
SFDR with a 2-MHz input 
signal. The 44-pin PLCC is a 
complete A/D subsystem, 
including an S/H amplifier, a 





In Europe: 
Wavetek Ltd 


Hurricane Way 

Norwich Norfolk NR6 6JB, UK 
Tel 
Fax +44 1603 483670 


+44 1603 404824 


Os 


on-site, the Model 9100 has the power 
Wavetek Ltd 


Certificate No. FM 29700 


WAVETEK and the Wavetek logo are registered 
trademarks of Wavetek Corp. 
© 1995 Wavetek Corporation 
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Hyundai LCDs — Where the beauty and 
fragrance of nature come alive. 

Hyundai LCDs, a world of boundless expression 
of graphics and colors, expanding the horizons of 
display screens. 

Advanced super resolution LCDs from Hyundai 
can be fully customized to meet your every 
specification. 

ISO certified quality and satisfaction at the most 
reasonable prices. No compromises. 
Hyundai, small innovations with big results. 





Advantages 


of HYUNDAI LCD 


‘High-Quality STN Graphic 
Module 

-Providing Full-Custom 
Module Service 

-Leading Maker of Auto- 
Motive Field 

-COB, COG, TAB Ass'y 
Technology Available 


CIRCLE NO. 118 


Hyundai Electronics Industries Co., Ltd. 


Head Office & Plant Branch Offices Overseas 

San 136-1, Amiti, Bubaleup San Jose Office Dallas Office Tokyo Office Singapore Office Frankfurt Office Paris Office 
Ichon-kun, kyounggi-do, Korea Tel :408-232-8641/4 Tel :214-770-1930 Tel :3-3211-4701/8 —- Tel :65-270-6300 Tel :49-6142-9210 Tel :33-1-6929-8319 
LCD Division Fax:408-232-8140 Fax:214-770-1931 Fax:3-3211-5447/8 Fax:65-270-6102 Fax:49-6142-9212/14 Fax:33-1-6929-8315 
Tel :(0336-30-2084/3235 New Jersey Office Atlanta Office Taipei Office Hong Kong Office London Office Scotland Office 
Fax:0336-30-32 10 Tel :201-262-7770 Tel :404-242-6464 Tel :8862-568-1134 Tel :852-596-1276/1282 _— Tel :44-81-741-8634 Tel :44-786-449-386 


Fax:201-261-2967 Fax:404-242-6554 Fax:8862-543-3433 Fax:852-596-0815 Fax:44-81-563-0179 Fax:44-786-449-387 
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12-bit quantizer, and an internal refer- 
ence. The device requires a single 5V 
supply and a conversion clock for oper- 
ation. $98 (1000). Comlinear Corp, 
Fort Collins, CO. (303) 226-0500. 
Circle No. 374 


8-bit, high-speed DACs for video 
applications. The SPT1018, SPT1019, 
and SPT5140 provide word rates up to 
165M, 275M, and 400M words/sec. The 
analog video outputs can directly drive 
double-terminated 50 or 752 loads to 
standard RS-343-A and RS-170 video 
levels. Integral and differential linearity 
error is rated at less than +1 LSB. Inputs 
are ECL-compatible. The DACs come in 
24-lead DIPs, and prices start at $20 
(1000). Signal Processing Technolo- 
gies Inc, Colorado Springs, CO. (719) 
528-2300. Circle No. 375 








MP fk A 
IEEE 1284 parallel-port interface 
has low noise. The 7-bit SN74ACT- 
1284 has three-state outputs that can 
directly drive the IEEE 1284 communi- 
cation channel. An output edge-control 
circuit reduces noise and signal reflec- 
tions over long transmission lines. A 
400-mV input hysteresis helps prevent 
noise and interference from being inter- 
preted as a data signal. The device 
transfers data over 30 ft of cable at 
speeds up to 2 Mbytes/sec. The device 
also permits connection of a printer or 
peripheral to the host PC while the sys- 
tem is active. $0.80 (1000). Texas 
Instruments Inc, Denver, CO. (800) 
477-8924, ext 4500. Circle No. 376 





EPLD offers 560 macrocells and in- 
system programmability. The 
EPM9560 erasable PLD (EPLD) has up 
to 2161/O pins, offers mixed 3.3 and 5V 
I/O, and complies with the Peripheral 
Component Interconnect interface. 
You can program each macrocell for 
high-speed performance or reduced 
power consumption. Programmable 
output slew rates can accelerate critical 
paths and reduce system noise by using 
slower slew rates on noncritical paths. 
The device is available in 208-, 240-, 








and 304-pin QFPs and a 280-pin PGA. 
The device comes in 15- and 20-nsec 
speeds. From $89 (OEM). Altera Corp, 
San Jose, CA. (408) 894-7000. 

Circle No. 377 


Second-generation, 64-Mbit 
DRAM uses 400-mil space-saving 
package. The DRAMs operate from 
3.3V and are available with 50- or 60- 
nsec access times. The KM48V8000 is 
an 8M xX8-bit device with 8-kbit refresh 
and the KM44V16000 is a 16Mx4-bit 
device with 8-kbit refresh. Both memo- 
ries are also available with 4-kbit 
refresh. All come in TSOP and SOJ pack- 
ages and cost $600 each. Volume pro- 
duction is scheduled for late this year. 
Samsung Semiconductor Inc, San 
Jose, CA. (408) 954-7000. 

Circle No. 378 


Two chips provide fully integrated 
DECT systems. The VP23000 and the 
VP23001 implement the digital pro- 
cessing for Digital European Cordless 
Telecommunications (DECT) physical 
and media-access-control (MAC) layers. 
The VP23000 provides the DECT core 
and G.721 transcoder. In the audio 
interface, the core passes 32-kbps 
speech data to the G.721 transcoder via 
multiport RAM. The device also has a 
software-programmable radio interface 
and can work with industry-standard 
microcontrollers. The VP23001 inte- 
grates the DECT core and G.721 
transcoder with an audio codec. Both 
parts come in 100-pin TQFP packages 
and cost <$10 (OEM). VLSI Technolo- 
gy Inc, San Jose, CA. (408) 434-3000. 

Circle No. 379 


IC bridges i960 to dual PCI buses. 
The CloverLeaf-960 simplifies connect- 
ing the i960 RISC processor with 
peripherals and add-on cards having a 
Peripheral Component Interconnect 
(PCI) bus interface. The device also 
allows direct communication between 
the two PCI buses without processor 
intervention. Typical applications 
include SCSI disk controllers, asynchro- 
nous-transfer-mode interfaces, and 
100-Mbit Ethernet. The device is also 
useful for embedded systems using the 
PCI bus as a mezzanine bus and for sys- 
tems requiring PCI bus expansion and 
traffic isolation. $68 (SOOO). V3 Corp, 
Toronto, ON, Canada. (416) 285-9188. 

Circle No. 380 
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The World Resource 
for Precision Signal Technology 


CIRCLE NO. 49 





The 
Nerve Endings 
Of Your 
Control System 


Introducing A Better, Lower Cost, 
Miniature Multiplexing System! 


Tracer T-Buss™ multiplex system, on a 
single pair of telephone grade wires, moni- 
tors and controls up to 255 points. At each 


point, these low-cost, thumbnail size 
Identification Modules (IDM), powered by 
the T-Buss, can reside inside a sensor or 
contact housing. This noise-immune 
system reduces installation wiring and 
simplifies maintenance. System reliability 
and integrity are improved over conven- 
tional multiplexing systems. 

Acting through a gateway, Tracer’s 
T-Buss is an ideal sub-network adjunct 
to advanced control systems. 

Tracer offers input and output modules, 
reed switch and pulse input modules, 
a T-Buss controller, a portable programmer 
and more. Typical applications include: 


e Security and fire alarm systems 

e Lighting controls 

e Building automation/energy 
management systems 


e Material handling equipment 
e Parking garage systems 
e Agricultural equipment 
e Machine controls 


Learn how the T-Buss 
system will improve 
your application. 
Write for Tracer’s 
new T-Buss Point 
Identification 
System Brochure. 





MONITOR * INTERPRET ¢ CONTROL 


Tracer Electronics, Inc. 
482 Notch Road 
West Paterson, NJ 07424-1960 
Tel: (800) 343-6143 ¢ Fax: (201) 256-2606 





CIRCLE NO. 66 
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Schematic-design tool for Win- 
dows 3.1 and Windows NT. The 
WinDraft 32-bit application works with 
the company’s WinBoard pc-board-lay- 
out tool. The software provides forward 
and backward annotation and post- 
processing functions, such as bill of 
materials and automatic annotation. A 
multiwire feature lets you draw several 
parallel wires simultaneously by press- 
ing the plus or minus keys to increase 
or decrease the number of wires. You 
can also place components, such as 
series resistors and other passive com- 
ponents, on the wire; the program 
breaks the wire and connects the part. 
The tool also lets you edit any part pin 
name in the schematic editor without 
using the library editor. WinDraft costs 
$750, and WinDraft with WinBoard 
costs $1495. Ivex Design Internation- 
al, Beaverton, OR. (503) 531-3555. 
Circle No. 350 


Windows-based pc-board-design 
tools come with optional auto- 
router. The PCBoards for Windows pc- 
board-design tool manages an unre- 
stricted number of components and 
pins, unlimited board size, and up to 64 
board layers. The tool includes a library 
of >32,000 components. The 32-bit 
application runs under Windows 3.1 
and Windows NT. Introductory price is 
$1079. PCBoards with Autorouter for 
Windows has an introductory price of 
$1958. According to the company, the 
tools are functionally equivalent to 
high-end PC-based circuit-board-lay- 
out packages from other vendors. 
MicroSim Corp, Irvine, CA. (714) 770- 
3022. Circle No. 351 


New version of analog and mixed- 
signal simulation tool adds mod- 
els and other enhancements. 
PSpice Version 6.2 adds a Berkeley Ver- 
sion 2.0 BSIM3 model, for accurate 
MOSFET modeling. According to the 
company, the model is as accurate as 
proprietary models, even for short 
channels, over a wide range of bias lev- 
els and device dimensions. The new 
version also works with a variety of 
parameter-extraction tools, such as 
Berkeley Technology Associates’ BSIM- 
Pro, HP’s IC-CAP, and Technology 
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Modeling Associates’ Aurora. The simu- 
lator comes with a 32,000-component- 
symbol library, 10,000 simulation 
models, and >120 new device models. 
The software also has a variety of other 
enhancements. Prices range from 
$1495 to $11,900 ($1950 to $15,500 
internationally). MicroSim Corp, 
Irvine, CA. (714) 770-3022. 

Circle No. 352 


Single-kernel simulator provides 
seamless mixed Verilog and VHDL 
simulation. V-System/Plus mixes 
VHDL and Verilog without two simula- 
tors and a backplane. It uses the same 
simulation engine with direct compile 


eNOS 






technology for both Verilog and VHDL. 
The software provides multiple interac- 
tive windows that let you simultane- 
ously view and interrogate the design 
hierarchy, view the Verilog and VHDL 
source during execution, display vari- 
ables and signals, control the simulator, 
display selected processes, and view any 
combination of VHDL and Verilog sig- 
nals in the waveform display. The soft- 
ware is available for Unix workstations 
and costs $229,995 for a floating 
license. Model Technology Inc, 
Beaverton, OR. (503) 641-1340. 

Circle No. 353 


Co-simulation with VHDL, Verilog, 
and Analogy’s MAST languages. 
Using the company’s SimBus technolo- 
gy, you can now co-simulate with Anal- 
ogy’s MAST analog and mixed-signal 
hardware-description-language simula- 
tor, Chronologic’s Verilog simulator, 
and Vantage’s Optium VHDL simula- 
tor. Co-simulation requires a Simula- 
tion Technology interface. Prices for 
the interface start at $12,000 for each 
simulator. Viewlogic Systems Inc, 
Marlborough, MA. (508) 480-0881. 
Circle No. 354 


Verilog simulator includes interac- 
tive debugging environment. The 
VCSi simulator provides analysis and 



















@ Plot your course with the industry's first multimedia catalog. Choose from our traditional = == 
printed version or our leading-edge CD-ROM. @ Allied has merged two computer systems in E 
one giving you on-line access to over 90,000 Allied parts and hundreds of 
) The Allied Superhighway navigates same dey 
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millions of dollars of Avnet inventory. @ 
up-to-the-minute computer records for all your past transactions and present 
orders. @ Same day shipment receives a green light as your order is instantly entered. 
Payment is simple. Put your order on your Allied account, a credit card or pay COD. 


The Superhighway 800-number automatically routes you to your local Allied office, 
Allied is different 











job easier and faster. G@) Call today and the Allied 


Superhighway will be built right to your door. toca soles afes 


LLIED ELECTRONICS wc 


AN AVNET COMPANY 


Going by the book...And beyond! 


1-800-433-5700 
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Creating a Masterpiece with DSP: 





Designing for commercial or defense applications 


such as medical imaging, machine vision, 
communications, sonar or radar processing? Need up to 


400 MFLOPS or 4 BOPS in a single commercial 
off-the-shelf or Mil-Spec board? Then MIZAR has the 


DSP engines that deliver the performance you need. 


We support ISA, VME and PCI. Our fully 
configurable DSP designs range from a single "C44 toa 1-800-63 5-0200 


dual ’C80 and a commercial/Mil-Spec octal ’C40. 


So call MIZAR... 
Your Source for DSP Solutions 








The master in programmable high performance DSP 
boards for a design tailored to your application. 


2410 Luna Road, Carrollton, TX 75006 USA (214)277-4600 Fax (214)277-4666 
CIRCLE NO. 189 
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debugging, including a 
design-hierarchy window to 
navigate the design, a wave- 
form-display window, a 
source window to control 
and replay program execu- 
tion, and a logic browser. 
Although not as fast as the 
latest version of the compa- 
ny’s VCS product, VCSi is 
faster in the compilation 
phase, reducing debug turn- 
around. A floating license 
costs $20,000. Chronologic 
Simulation, Los Altos, CA. 
(415) 965-3312. 

Circle No. 355 


Cycle-based software 
simulator for digital de- 
signs has 2000-cycle/sec 
throughput. SpeedSim/3, 
according to its maker, has 
10 to 100 times the perfor- 
mance of Verilog-XL. The 
simulator uses a proprietary 
Boolean data-flow engine to 
fit a 1-million-gate design 





into a 10-Mbyte image. The 
small memory requirement 
lets you simulate large 
designs on a workstation 
without paging. The simula- 
tor takes advantage of sym- 
metric multiprocessing to 
deliver nearly linear perfor- 
mance gains on up to eight 
processors in a single system. 
A single networked license 
costs $35,000. SpeedSim 
Inc, Westford, MA. (508) 
692-3737. Circle No. 356 


Dynamic system simula- 
tor has libraries for spe- 
cialized applications. The 
System View Simulator 
($2450) has _ optional 
libraries for a variety of appli- 
cations. The communica- 
tions library ($875) provides 
communication system 
models, including a Reed 
Solomon error-correction 
encoder/decoder, a Costas 
Loop, and a PLL demodula- 


tor. The DSP library ($675) 
supports arithmetic modes 
that DSP chips use. The logic 
library ($525) provides mod- 
els of standard-logic and 
mixed-signal devices, such 
as analog switches and 
DACs. The RF/analog library 
($525) provides models, 
including, mixers, ampli- 








fier/traveling-wave tubes, 
RLC networks, diodes, crys- 
tal filters, delay lines, op 
amps, and_ oscillators. 
Elanix Inc, Westlake Vil- 
lage, CA. (818) 597-1414. 
Circle No. 357 


Verification tool for mul- 
timillion-transistor, sub- 
micron IC designs. Vam- 
pire automatically _ re- 
cognizes circuit structure for 
all design styles and hierar- 
chy permutations and 
adapts itself to check the 
minimum set of unique 
instances of data. The tech- 
nique fits between the time- 
consuming but reliable 
results of flat verification, 
which validates design data 
all at once, and the faster 
hierarchical verification, 
which is more difficult to set 
up. Because the tool requires 
no manual modifications to 
the circuit structure for veri- 
fication, it eliminates intro- 
ducing errors in the verifica- 
tion database. According to 
the company, the technique 
speeds verification by 2 to 
100x. From $75,000. 
Cadence Design Systems 
Inc, San Jose, CA. (408) 943- 
1234. Circle No. 358 
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Grace Specialty Polymers has a new line of SMA adhesives to maximize the output of your dispensing equipment with no strings attached. 


HMicGcH DOT. 


Get higher yields! Why put up with dispensing bottlenecks 
when you can put down dots that are consistently high and hold 
their shape without stringing or missed dots. 


FAST DOT. 


Think fast. With AMICON” Surface Mount Adhesives, you 
can get all the dots your dispensing equipment was designed 
to deliver — up to 40,000 an hour. It's the perfect solution for 
virtually every major brand of equipment. 


CE Specialty Polymers 


Call our SMA hotline for samples and more product information. 1-800-832-4929. 


CIRCLE NO. 69 
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80486 DX4-based SBC 
measures 5.758 in. The 
NPC-486E — single-board 
computer (SBC) includes 
interfaces for a floppy disk, 
an IDE port, two RS-232C or 
RS-485 ports, one bidirec- 
tional parallel port, a mouse, 
a keyboard, super VGA, Eth- 
ernet, and PC/104. A VGA 
and flat-panel interface pro- 
vides up to 30V positive or 
negative LCD bias voltage, 
LCD-panel power sequenc- 
ing, Windows accelerator 
implemented in hardware, 
up to 1 Mbyte of video mem- 
ory, and a digital video- 
input channel. Other .fea- 
tures include plug-and-play 
Ethernet configuration, up 
to 4 Mbytes of flash memo- 
ry, and power-management 
features. The board costs 
$995 (100) with a 25-MHz 
80486SX. Adastra Systems, 
Hayward, CA. (510) 732- 
6900. Circle No. 335 





ATM network-interface i 


controller for VMEbus. 
The DATM13 3U VMEbus 
board provides asynchro- 
nous-transfer-mode (ATM) 
network connection. The 
board uses LSI’s ATMizer 
device as an AIM processor. 
The chip connects directly 
to the physical layer and fea- 
tures an internal R3200 
processor executing instruc- 
tions from an internal RAM 
to perform data structuring 
and movement. The board 
supports up to 256 virtual 
channels, does segmenta- 
tion and reassembly, and 
manages contiguous and 
noncontiguous payloads. 
Because the processor boots 
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EMBEDDED SYSTEMS 


from asocketed serial PROM, 
the company can update the 
board as all ATM adaptation- 
layer levels emerge. Plug-in 
modules support DS3, syn- 
chronous-optical-network, 
and E3 standards. The 
DATM13 costs $959 (OEM). 
Dynatem, Mission Viejo, 
CA. (714) 855-3235. 

Circle No. 336 


Pentium-based SBC has 
ISA and PCI buses. The 
PCA-6156 single-board com- 
puter (SBC) comes with a 60- 
or 66-MHz Pentium CPU. It 
has a 192-Mbyte DRAM, 
256-kbyte external cache, a 
Peripheral Component 
Interconnect (PCI) SCSI-2 
controller, four PClI-en- 
hanced integrated-device- 
electronics hard-disk-drive 
interfaces, two floppy-disk- 
drive interfaces, two RS- 
232C ports, one enhanced- 
parallel-port-compatible 
parallel port, an onboard 
keyboard connector, a real- 
time clock/calendar, power- 
on self-test diagnostic LEDs, 
and a 12-level watchdog 
timer. Prices for the board 
with a 60-MHz Pentium CPU 
start at $2350. Advantech, 
Sunnyvale, CA. (408) 245- 
6678. Circle No. 337 


Low-cost emulator and 
debugger for the Motor- 
ola DSP56002 and DSP- 
56004. The CC-560xx com- 
mand converter and Quick- 
Bug emulator/debugger cost 
$395 and suit audio applica- 
tions. You can control the 
platform-independent tool 
through an RS-232C inter- 
face at speeds up to 38.4 
kbps. The unit converts RS- 
232C commands from the 
host computer to a format 
compatible with the Motoro- 
la OnCE interface for on- 
chip emulation. The Acco- 
lade Group Ltd (Highland 
Park, IL. (708) 459-3024) 
markets the product in the 
United States. Sample Rate 
Systems Oy, Tampere, Fin- 
land. 358-31-3165 045. 
Circle No. 338 
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WIth Distribution support 


AUSTRIA 


Avnet E2000 GmbH 
Tel. +43 1 9112847 
Fax. +43 1 9113853 


EBV Elektronik 
Tel. +43 1 8941774 
Fax. +43 1 8941775 


Eurodis Electronics GmbH 
Tel. +43 1 610630 
Fax. +43 1 61062151 


Spoerle Electronic 
Tel. +43 1 31872700 
Fax. +43 1 3692273 


BELGIUM 


EBV Elektronik 
Tel. +32 2 7209936 
Fax. +32 2 7208152 


Farnell Electronic Services 
Tel. +32 2 7253533 
Fax. +32 2 7254135 


Diode Spoerle 
Tel. +32 2 7254660 
Fax. +32 2 7254511 


DENMARK 


Avnet Nortec A/S 
Tel. +45 44880800 
Fax. +45 44880888 


GB Topcomp Electronics 
Tel. +45 33883950 
Fax. +45 33883955 


FRANCE 


Arrow Electronique 
Tel. +33 1 49784978 
Fax. +33 1 49780596 


Avnet 
Tel. +33 1 49652500 
Fax. +33 1 49652769 


Farnell Electronic Services 
Tel. +33 1 69858383 
Fax. +33 1 69858399 


Tekelec Airtronic 
Tel. +33 1 46232425 
Fax. +33 1 45072191 


FINLAND 


GB Topcomp Electronics 
Tel. +358 0 2994001 
Fax. +358 0 2994188 


GERMANY 


Avnet E2000 GmbH 
Tel. +49 89 4511001 
Fax. +49 89 45110129 


EBV Elektronik Vertriebs 
GmbH 

Tel. +49 89 456100 

Fax. +49 89 464488 


Farnell Electronic Services 
GmbH 

Tel. +49 7141 487300 

Fax. +49 7141 487210 


Glyn GmbH 
Tel. +49 6126 590222 
Fax. +49 6126 590111 


SASCO HED Semiconducto 
Tel. +49 89 4611211 
Fax. +49 89 4611271 


Rein Components GmbH 
Tel. +49 2153 7330 
Fax. +49 2153 733575 


Spoerle Elektronik 
Tel. +49 6103 3040 
Fax. +49 6103 304201 


ITALY 


Avnet Adelsy 
Tel. +39 2 38103100 
Fax. +39 2 38002988 


Comprel S.P.A. 
Tel. +39 362 553991 
Fax. +39 362 553967988 


Eurodis Fanton 
Tel. +39 2 48920341 
Fax. +39 2 4597913 


Farnell Electronic Services 
Tel. +39 2 824701 
Fax. +39 2 8242831 


Lasi Elettronica (Div. 
Silverstar) 

Tel. +39 2 661431 
Fax. +39 2 66101385 


NETHERLANDS 


Diode Spoerle 
Tel. +31 3402 91234 
Fax. +31 3402 35924 


Diode Spoerle 
Tel. +31 40 545430 
Fax. +31 40 535540 


EBV Elektronik 
Tel. +31 3465 62353 
Fax. +31 3465 64277 


Farnell Electronic Services 
Tel. +31 79 613161 
Fax. +31 79 613169 


Rein Elektronik B.V. 
Tel. +31 40 431775 
Fax. +31 40 435522 


NORWAY 


GB Topcomp Electronics 
Tel. +47 66841815 
Fax. +47 66841917 


SPAIN 


Lober S.A. 
Tel. +34 1 3102925 
Fax. +34 1 3104797 


Unitronics S.A. 
Tel. +34 1 542504 
Fax. +34 1 5427896 


SWEDEN 


GB Topcomp Electronics 
Tel. +46 8 7574175 
Fax. +46 8 7574798 


SWITZERLAND 


Avnet E2000 GmbH 
Tel. +41 1 7221330 
Fax. +41 1 7221340 


r 


EBV Elektronik 
Tel. +41 1 7401090 
Fax. +41 1 7415110 


EBV Elektronik 
Tel. +41 21 3112804 
Fax. +41 21 3112807 


Eurodis Electronic A.G. 
Tel. +41 1 8433111 
Fax. +41 1 8433475 


Fabrimex Distribution A.G. 
Tel. +41 24 218141 
Fax. +41 24 219222 


Fabrimex Spoerle A.G. 
Tel. +41 1 8746262 
Fax. +41 1 8746200 


Farnell A.G. 
Tel. +41 1 2046111 
Fax. +41 1 2046454 


UNITED KINGDOM 


Abacus Group 
Tel. +44 1635 33311 
Fax. +44 1635 38432 


Arrow — Jermyn 
Tel. +44 1234 270777 
Fax. +44 1234 214674 


Avnet Access 
Tel. +44 1462 480888 
Fax. +44 1462 488567 


Farnell Electronic Services 
Tel. +44 1279 626777 
Fax. +44 1279 441687 


HB Electronics 
Tel. +44 1204 525544 
Fax. +44 1204 384911 


Toshiba European 
Headquaters: 


Toshiba Electronics Europe 
GmbH 

Hansaallee 181 

D-40549 Dusseldorf 

Tel: +49 211 52960 

Fax: +49 211 5296400 


Toshiba Electronics (UK) Ltd 
Tel: +44 1276 694600 
Fax: +44 1276 694800 


Toshiba Electronics 
Scandinavia AB 
Tel: +46 8 7040900 
Fax: +46 8 808459 


Toshiba Electronics France 
S.A.R.L. 

Tel: +33 1 48124812 

Fax: +33 1 48945115 


Toshiba Electronics Italiana 
S.R.L. 

Tel: +39 39 68701 

Fax: +39 39 6870205 


Toshiba Electronics Espana 
S.A. 

Tel: +34 1 660 6700 

Fax: +34 1 660 6799 


In Touch with Tomorrow 


TOSHIBA 
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Technology leadership is our business - and it shows. 


Toshiba extends the frontiers of innovation in MCU design and manufacture. Our high reliability 
solutions offer the optimum performance/price ratio for your design. 


Take TLCS-870 series. These high speed, low power 8-bit microcontrollers feature flexible ROM 
options, multiplication and division capability, A/D conversion up to 10-bit resolution and down to 
1.8V operating voltage, and register bank switching that provides real-time processing much faster 
than conventional MCUs. 

ANSI-C and C-like compilers allow structured programming with little software overheads and 
smart debugging with a powerful source level debugger. 100% OTP compatibility with masked 
versions simplifies prototyping and development. What's more, our Unified Development 
Environment increases software productivity, enables short lead times and allows easy upgrades. 


That’s why when you specify Toshiba MCUs, you automatically build in a competitive advantage. 


Distributed by: 

Abacus Group Tel. 0635 33311 Fax. 0635 38432. Anzac Components Tel. 0628 604411 Fax. 0629 660662. 

Avnet Access Tel. 0462 480888 Fax. 0462 488567. Farnell Electronic Services Tel. 0279 626777 Fax. 0279 441687. 
HB Electronics Tel. 0204 25544 Fax. 0204 384911. Impulse Electronics Tel. 0732 743227 Fax. 0732 743121. 


In Touch with Tomorrow 
CIRCLE NO. 14 
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SURFACE MOUNT CRYSTALS AND 
-RYSTAL OSCILLATORS = 


MICROPROCESSOR CRYSTALS /CLOCK 
OSCILLATORS /CERAMIC RESONATORS / 
TUNING FORK CRYSTALS / 

CRYSTAL FILTERS 


HC49/U- 


R26 


TUNING FORK 
32.768 KHz 


CERAMIC RESON 





Frequency Range: VCX0’s: 5 MHz — 400 MHz 
TCX0’s: 1 MHz — 50 MHz 
OCX0’s: 1 MHz — 50 MHz 


Frequency Stability: | VCXQ’s: from+15 ppm 
TCXO’s: from +0.4 ppm 
OCXO’s: from+ 2x 10° 


Output Options: HCMOS, CMOS, TTL, 
Clipped Sinewave, ECL 


CIRCLE NO. 164 


CRYSTAL UNITS 


Microprocessor crystal units 


Microprocessor crystal units 
HC-49 short (AT strip) 


Microprocessor crystal units 
Surface mount- 
“TT-SMD” family 


AT strip crystal units- 
cylindrical package 


Tuning fork quartz crystal units 
32.768 kHz 


High accuracy crystal units 
Crystals for pagers 


OSCILLATORS 


Clock oscillators 
TTL compatible 


Clock oscillators 
HCMOS compatible 


Clock oscillators 
Surface mount 


Clock oscillators 
enable/disable 


Clock oscillators 
dual output 


Clock oscillators 
ECL compatible 


Temperature compensated 
crystal oscillators - TCXO 


Oven controlled crystal 
oscillators - OCXO 


Voltage controlled crystal 
oscillators - VCXO 


FILTERS 
Monolithic crystal filters 


CERAMIC 
RESONATORS 


Ceramic resonators- 
200 to 800 kHz 


Ceramic resonators- 
2.000 to 12.000 MHz 


RALI RO 


RALTRON 
ELECTRONICS 
CORP. 


2315 NW 107 AVENUE 
MIAMI, FL 33172 USA 
FAX (305) 594 - 3973 
(305) 593 - 6033 


ONLY RALTRON 
HAS IT ALL. 





PC/104 SBC. The TB8680 single-board 
computer (SBC) is built around a Chips 
& Technologies F8680 processor. 
According to the company, the 16-bit 
CPU provides 386SX performance. The 
board has 1 Mbyte of DRAM, expand- 
able to 4 Mbytes; 512 kbytes of EEP- 
ROM; 256 kbytes of SRAM; a 32-pin 
socket for BIOS, DOS, and application 
software; three RS-232C ports; a bidi- 
rectional parallel port; a single-chan- 
nel, 10-bit ADC; keyboard and sound 
ports; a CGA driver for a CRT and LCDs; 
integral LCD and flash supply-voltage 
inverters; and an optional PCMCIA 
Type I interface. A development system 
that provides a 3.5-in. floppy-disk drive 
is also available. The board costs $958. 
The Saelig Co, Victor, NY. (716) 425- 
3753. Circle No. 339 





Low-cost SBC comes with DOS. The 
Flashlite single-board computer (SBC) 
comes preloaded with DOS and utility 
software. The board implements DOS 
disk drives in flash memory and pro- 
vides X-modem upload software on 
board. You can use your PC-based 
development tools to produce firmware 
for the board. The board uses a V-25 
Plus processor providing two serial 
ports, two DMA channels, two timers, 
24 parallel I/O lines, five interrupts, and 
eight analog comparators. The board 
also has 512 kbytes of RAM and 256 
kbytes of flash memory. Utility soft- 
ware includes a flash disk-format pro- 
gram, a text editor, and a Tiny Basic 
interpreter. $149 (100). JK Microsys- 
tems, San Pablo, CA. (510) 236-1151. 

Circle No. 340 


PCbus-expansion board provides 
80 digital I/O channels plus utility 
functions. The PCIB80 uses the com- 
pany’s proprietary PCbus-interface 
scheme and has diagnostics. You can 
disable each buffered I/O line on 
power-up to float high, low, or inter- 
mediate. Open-collector output lines 
sink 24 mA at 5V. The board also pro- 
vides a 1-MHz clock and three 16-bit 








timers. An optional Visual Basic driver 
utility provides plug-and-play installa- 
tion. The board costs £195. Arcom 
Control Systems Ltd, Cambridge, UK. 
+44 (0) 223 411200. Circle No. 341 


TMS320C32 DSP evaluation board 
for ISA bus runs at 50 MHz. The 
TIGER 32 EVM suits multimedia appli- 
cation development, such as modem, 
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books that work the way you work 


New edition! 


Operational Amplifiers, 2e 
Jiri Dostal, Research Institute for Mathematical 


Machines, Czechoslovakia 

This updated edition is an unusually practical and highly authoritative volume 
that examines design-philosophy, theory, practice, and the newest technologies. 
April 1993 360pp. cloth 0 7506 9317 7 $49.95 (£46.00) 


Specific design examples of circuits! 
Radio Frequency Transistors: 


Principles and Practical Applications 
Norman E. Dye and Helge O. Granberg, Motorola 


Written by two experienced RF design engineers, this new book discusses the 


selection of solid state devices for specific applications. 
cloth 07506 90593 $39.95 (£40.00) 


Achieve acceptable EMC performance at minimal cost! 
EMC for Product Designers 


Tim Williams 

Electromagnetic compatibility is becoming increasingly important in the design 

of electronic products. In the absence of comprehensive U.S. standards, this book 

examines the European Commission's standards on EMC and, most importantly, 

outlines how EMC design principles need to be incorporated from the beginning 
to avoid cost and performance penalties. 

1992 272 pp cloth 07506 94645 $42.95 (£24.95) 


BUTTERWORTH-HEINEMANN 
80 Montvale Ave., Stoneham, MA 02180 


fax, telephony, speech, and CD-quality 
audio applications. It also suits C32 
evaluation and algorithm develop- 
ment. The board has two banks of zero- 
wait-state memory. You can configure 
each bank as 32kxX32, 32kX16 or 
128kx8 bits. Two 16-bit analog I/O 
channels provide a 50-kHz sample rate. 
The board also has a built-in FCC- 
approved, standard analog-telephone 
interface. Software-development tools 





































In Europe, order from: 
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P.O. Box 5, Rushden 
Northants NN10 9YZ U.K. 
TEL. 0933 58521 FAX 0933 50284 
Please quote "Cahners 13.89" 


CAHNERS 13.89 













EDN May 11, 1995 = 189 


for the board include products from 
DSP Software Engineering, Hypercep- 
tion, Momentum Data Systems, Spec- 
tron, and Tartan. The board costs $795. 
DSP Research, Sunnyvale, CA. (408) 
773-1042. Circle No. 342 


Parallel-device programmer con- 
currently programs four to 16 
complex devices. The BP-2100 con- 
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current-programming system starts 
programming each device as soon it is 
inserted. When the last socket is filled, 
the first device is complete, and the 
process begins again, keeping the oper- 
ator or autohandler busy. The system 
supports >7000 devices and can vector- 
test high-pin-count field-programma- 
ble gate arrays. Because the system is a 
true universal programmer, you can 
program virtually any device that fits 


NETWORKING 
WITHOUT SOFTWARE 
OVERHEAD 


It's the easy, efficient way to hare data 
across your distributed computer network. 








VME Microsystems 
International Corporation 





solutions that will be simply unforgettable. 


® 





ple EBERLE 2 
Corts 


bei Bo 


12090 S. Memorial Parkway « Huntsville, AL 35803-3308 « (205) 880-0444 « FAX (205) 882-0859 
VMIC products are internationally represented by distributors throughout the world. Call or fax VMIC for complete information. 


CIRCLE NO. 95 
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into the sockets. The PLCC socket 
accommodates >2500 devices. The 
company updates the control software 
eight times per year. The control unit 
costs $4000 to $5000, and each socket 
costs approximately $4000 to $5000. 
BP Microsystems Inc, Houston, TX. 
(713) 688-4600. Circle No. 343 





PCI-ISA passive backplane SBC has 
Pentium processor. The PCI-932 sin- 
gle-board computer (SBC) has a 90- or 
100-MHz Intel Pentium processor. The 
board complies with the PCI Industrial 
Computer Manufacturers Group revi- 
sion 2.0 industrial Peripheral Compo- 
nent Interconnect (PCI) specification 
and offers PCI and ISA passive-back- 
plane compatibility. It has hard- and 
floppy-disk controllers and serial, paral- 
lel, and keyboard ports. The 32-bit PCI 
local bus interfaces to a Chips & Tech- 
nologies F65545 video-processor chip 
that drives CRT screens and flat-panel 
displays. The board accommodates up 
to 128 Mbytes of DRAM, 512 kbytes of 
external write-back cache, and 4 
Mbytes of flash EPROM. A P-90 entry- 
level version costs $2695. Teknor 
Microsystems Inc, Boisbriand, PQ, 
Canada. (514) 437-5682. 

Circle No. 344 


Log real-time task execution. The 
CMxXtTracker works with the CMX-RTX 
real-time operating system to capture 
when a task is executing, the CMX 
functions called, the CMX functions’ 
parameters, and the interrupts using 
CMxX functions while application code 
is running. CMX-RTX costs $875, and 
the CMXtTracker costs $150. CMX Co, 
Framingham, MA. (508) 872-7675. 
Circle No. 345 


Compiler and high-level-language 
debugger suit Zilog Z80 and 
Hitachi 64180. The Z80/64180 devel- 
opment kit’s compiler generates about 





TECHNOLOGY THAT WORKS FOR LIFE 


Display equipment acts as the eyes of machines. 

Your machines will have an entirely new outlook 

with a Samsung VFD (Vacuum Fluorescent Display) 
module. Our VFD modules provide your industrial 
machines, automobiles, home appliances and 

other display equipment with a new level of 

wide viewing angle, vivid contrast, and manifold 
character representations. 

Brighten your machines with Samsung VFD modules. 


Yair Machines 
























— ER OUTER ELECTRICAL 
Ea cP yt Vee 
(Typ) 
(mmi fimm! | immi | fmm) j(mm) | immi | (Vde) | (mA) | (ft-L) 


CHARACTER 
FORMAT & 
SYMBOLS 






































Self 
Test 
woud BEEBE = | [>]o folds folm [oo fo fo Lo 
i Bas Se a4 
Sei eee |. 
208204DA2 oe cs es os ae oe 51 4715501430} 280) 50 | 350 | 250 
ee? Oa 
Sl petgnnl  slalatsblabsate tts [opts 
Estas $is3 HESS Sass 
eS Oe 
asm | = = = === 
Be ie Se Se Se Se 
#= EEE 


GREECE ole 


<n | 


12L101MK1 


a 


Headquarter 

Daekyung Bidg. 120 2-Ka, Taepyung-Ro. Choong-Ku Seoul TEL:822-727-3331~3, 3351~3 FAX: 822-727-5949, 727-3389 
European Office 

SAMSUNG Haus AM UNISYS Park 1 65843 Sulzbach, Frankfurt, Germany TEL:49-6196-74001~5 FAX: 49-6196-758149 
Hong Kong Office 

66F Central Plaza 18 Harbour Rd., Wanchai, Hong Kong TEL:852-2862-6053 FAX: 852-2866-2548 

Samtron Display Inc. 

18600 Broadwick St., Rancho Dominguez, CA 90220, U.S.A. TEL:310-537-7000 FAX:310-537-1033 CIRCLE NO. 51 DISPLAY DEVICES 











New, high-quality magnetics 
that support high-speed LAN data rates. 


Introducing the Fast Cats series Application 
Shift your networking applications into 
i gear with the Fast Cats series from 

, Valor Electronics. Each com- 
ponent is designed to 
provide a complete mag- 
netic interface for today’s 
state-of-the-art, high-speed LAN 
applications. These products reflect Valor’s 
commitment to quality, reliability and new 


product development. 






100Base-1X 
TP/PMD 
155 Mbps ATM 


Magnetics for every application 

The Fast Cats series provides a complete 
interface for the following applications: 
100Base-TX, TP/PMD, 155 Mbps ATM, 
100 VG-AnyLan, and 100Base-T4. These 
components include isolation transformer 
and common mode choke combinations as 
well as filter modules that incorporate the 
required filter/transformer/choke in a 
single package. All models provide 


100Base-14 


Series 


Port Number 


Description Package 


Ximr/Choke 16-pin SOIC 


Pr6024 Xtmr/Choke 6-pin SIL 


Xtmr/Choke/Auto Xfmr 





w/termination 16-pin SOIC 
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Valor Electronics, Inc. 
A GTI Company 


optimized performance to support 
transmit and/or receive channels. Valor’s 
Fast Cats products feature the Cougar, 
Cheetah and Panther series which support 
these high-speed applications. 


Fast Cats comply with all standards 
These components comply with applicable 
IEEE and ATM Forum standards. 


Partner with Valor 
Depend on Valor to provide you with the 
highest quality magnetic components. 

Valor’s worldwide manufac- 
turing facilities are now 
ISO 9000 certified. This 
certification reflects our @B 
commitment to quality. 








Call Valor today at (619) 537-2600 or one 
of our sales representatives for additional 
product information. 


CIRCLE NO. 195 


North and Latin America 9715 Business Park Avenue, San Diego, CA 92131-1642 TEL (619) 537-2600, FAX (619) 537-2525 
Asia Flat B, 7/F., K.K. Industrial Building 5 Mok Cheong Street Tokwawan, Kowloon, Hong Kong TEL 852-2333-0127, FAX 852-2363-6206 
Europe Steinstrafe 68, 81667 Miinchen Germany TEL 49-89-4802823, FAX 49-89-484743 
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25% less code than the earlier 3.21 ver- 
sion. The development kit comes with 
a new, structured assembler that 
includes a C preprocessor, letting you 
use full ANSI C macros, conditional 
statements, and C include files within 
the assembler. A relocatable linker gen- 
erates PROMable code. The develop- 
ment kit also includes a librarian, ANSI 
runtime libraries, a mouse-controlled 
user interface, and a make utility. The 
full system costs $1295, and an upgrade 
from the previous version costs $295. 
IAR Systems Software Inc, San Fran- 
cisco, CA. (415) 765-5500. 

Circle No. 346 


Parallel-processing DSP system 
expands from 80 MFLOPS to multi- 
ple GFLOPS. The system comprises the 
80-MFLOPS Spirit-40 Dual VME/DSP 
board ($8995) and the Quad-40 
VME/DSP add-on card ($8995). The 
Spirit-40 has two TMS320C40 DSPs, 
each having its own local and global 
SRAM. Each processor also has inde- 
pendent access to the card’s 25- 
Mbyte/sec VME interface, and you can 
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configure the processor as the VMEbus 
master without degrading perfor- 
mance. The board is based on a distrib- 
uted-memory architecture, allowing it 
to emulate single-instruction/multiple- 
data, multiple-instruction/multiple- 
data, and data-flow architectures. The 
Quad-40 coprocessor board contains 
four TMS320C40 DSPs in a parallel 
structure with up to 4 Mbytes of local 
SRAM and shared access of up to 8 
Mbytes of SRAM. Until June 30, 1995, 
both boards together cost $13,995. 
Sonitech International, Wellesley, 
MA. (617) 235-6824. Circle No. 347 
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TCP/IP 


WHEN “TIME TO MARKET” 
IS KEY USE FUSION: 
TCP/IP, SNMP, PPP 
DEVELOPER KITS 


FUSION DEVELOPER KITS ARE 
THE MOST POWERFUL INTERNET 
PROTOCOLS DEVELOPED FOR 
EMBEDDED APPLICATIONS. OUR 
“TIME TO MARKET” PHILOSOPHY 
HAS MEANT WE’VE DEVELOPED 
PRODUCT WITH “DROP IN 
SUPPORT” FOR ETHERNET, AND 
PROCESSOR CHIPS AS WELL 

AS REAL TIME KERNELS. HIGH 
QUALITY, HIGH PERFORMANCE 
PROTOCOLS DEVELOPED WITH 
OVER 12 YEARS OF INTERNET 
PROTOCOL EXPERIENCE FOR 
YOUR SYSTEM DESIGNS. 


Features Services 

* Most powerful TCP/IP available for embedded * Full porting services available at competitive rates 
systems * Comprehensive porting guide and programmers 

¢ All source code written in C reference manual 

* Compatible with all C compilers * Royalty free options available 

¢ “Drop in” Drivers for most ethernet and * Monthly internals porting classes . 
processor chip sets * On-site consultation saints 


* 100% RFC compliant * Unlimited porting support via telephone, fax, or FOR MORE INFORMATION CALL: 





* Comes with powerful real time scheduler that internet ti thi) 
accommodates most ports * Upgrade service, providing all the latest RFC (800) 541-9908 within USA 

* Compact design, code is Romable and changes and performance enhancements. (805) 484-2128 outside USA 
re-entrant (805) 484-3929 FAX 


* Routing services for WAN support 

* Socket libraries are incorporated into TCP/IP ° 
stack for maximum performance 

* All upper layer applications available 


Internet: sales@pacificsw.com 
World Wide Web http://www. pacificsw.com. 
Offices in Europe & Japan 


CIRCLE NO. 96 















Jim Williams, Linear Technology 
"If you do any analog circuit design, buy this book!...The well-indexed volume 
... provides a picture of analog design, as a way of thinking and approaching 
problems." Dan Strassberg, EDN 

1991 352pp. cloth 07506 91662 $44.95 (£30.00) 






Robert Pease, Nat. Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience designing 
analog circuits--and working the bugs out of them..This book is for you whe- 
ther you're designing at the board, box, system, or IC level." Electronic Design 
1991 208pp. cloth 07506 9184 0 $32.95 (£19.95) 










Technical Staff, Gates Energy Products 
A comprehensive reference on proper selection, specification and application 


guidelines from one of the world's largest sealed-cell manufacturers. 
May 1992 432pp. cloth 0750692278 $49.95 (£38.50) 





1-800-366-2665 M-F 8:30-4:30 ET 


U.K. and Europe: 
Reed Book Services Ltd. 
Special Sales Department 
POB 5, Rushden, Northants NN10 9YZ U.K. 
TEL. 0933 58521 FAX 0933 50284 
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5W dc/dc converters are 
available in 12-pin DIP 
packages. The WT series of 
dc/dc converters has a 2-to-1 
input-voltage range, fully 
regulated and isolated single 
or dual outputs, and up to 
82% efficiency. Outputs 
range from +5 to +1SV in 21 
models. Price is approxi- 
mately $25 (OEM). Interna- 
tional Power Sources Inc, 
Ashland, MA. (508) 881- 
7434. Circle No. 383 


Hybrid dc/dc converters 
offer wide-input voltage 
range. The Model 3114 
dc/dc converter has a nomi- 
nal input-voltage range from 
8 to 50V dc and is available 
in 11 single-, double-, and 
triple-output configurations. 
The converters are rated for 
40 to 80W and come in her- 
metically sealed cases mea- 
suring 2.7X2.6X0.495 in. 
Typical performance in- 
cludes dc output ripple of 50 
mV p-p and efficiency rat- 
ings to 85%. The converters 
have an internal EMI filter 
that meets MIL-STD-461C. 
Operating temperature 
ranges from —55 to +85°C. A 
radiation-hardened configu- 
ration is also available. From 
$1757 (10). Modular 
Devices Inc, Shirley, NY. 
(516) 345-3100. 

Circle No. 384 


60 to 120W dc/dc convert- 
ers offers 84-Wiin.? pow- 
er density. The AFL series 
of single- and dual-output 
dc/dc converters operates 
from nominal 28 or 270V 
inputs. For higher power out- 
put applications, internal 
current-sharing circuits pro- 
vide even current distribu- 
tion among multiple parallel 
converters. The converters 
can be synchronized to a 
500- to 700-kKHz clock. Fea- 
tures include undervoltage 
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lockout, primary- and sec- 
ondary-referenced inhibit, 
soft start, and load-fault pro- 
tection. The converters oper- 
ate over the military temper- 
ature range and offer 82 to 
88% efficiency. From $720 
(100). Lambda Advanced 
Analog Inc, Santa Clara, CA. 
(408) 988-4930. 

Circle No. 385 





315W hot-swappable 
power supply operates 
from a 48V-dc input. The 
Model 161 supply has a 36 to 


72V input range and pro- 
vides up to SV dc at 40A, 12V 
dc at 8A, and -12V dc at 1A. 
Current sharing within 5% 
allows paralleled N+1 opera- 
tion. From $295 (1000). 
Conversion Equipment 
Corp, Orange, CA. (714) 
637-2970. Circle No. 386 


Miniature dc/dc convert- 
ers provide up to 3 kV at 
1.5W. The G series dc/dc 
converters accept a 2 to 12V 
input and provide an output 
proportional to the input. 
They are available in eight 
voltage ranges with regula- 
tion of 10% from no load to 
full load and ripple rated at 
1%. You can further reduce 
output ripple by adding an 
external filter capacitor. The 
units come in a 1.5X1.5X 
0.63-in. package and operate 
from -10 to +60°C. $65. 
EMCO High Voltage Supply 
Co, Sutter Creek, CA. (209) 
223-3626. Circle No. 387 


Low-dropout regulator 
offers fast transient 
response. The LT1584 7A 
linear regulator has a 
dropout voltage of 1.2V. The 
device suits use as a iP power 


supply in systems requiring 
2.5 to 3.6V, such as the Pen- 
tium and PowerPC. Fixed- 
output versions are available 
for 3.3, 3.38, and 3.6V witha 
+2% tolerance. An adjust- 
able-output version is also 
available. Typical line regula- 
tion is 0.005%, and typical 
load regulation is 0.05%. 
The device comes in a TO- 
220 package and costs $5.82 
(1000). Linear Technology 
Corp, Milpitas, CA. (408) 
432-1900. Circle No. 388 


Hybrid dc/dc converter 
has 8 to 50V input range. 
The Model 3061 4 to SW 
dc/dc converter delivers full 
rated power down to an 8V 
input. The converter is avail- 
able in 12 configurations 
with single, dual, and triple 
outputs. It complies with 
MIL-STD-461C and can 
withstand an 80V transient 
surge. It comes in a 0.380- 
X1.08-in. case and weighs 
20g. From $563 (10). Modu- 
lar Devices Inc, Shirley, NY. 
(516) 345-3100. 

Circle No. 389 


7.5W dc/dc converter has 
a 4-to-1 input-voltage 
range. The LW7.5 series 
dc/dc converters are avail- 
able with input ranges of 9 to 
36 and 18 to 72V. Output 
voltages are 5, 12, and 15V. 
The converters are up to 86% 
efficient and come in a 1X2- 
in. package that is electrosta- 
tically shielded on six sides. 
Line regulation is +0.5%, 
and load regulation is 
+0.5%. $37 (OEM). Polytron 
Devices Inc, Paterson, NJ. 
(201) 345-5885. 

Circle No. 390 


Low-cost ac/dc power 
supplies available in 100 
to 300W power ratings. 
The low-profile (1.77-in.) SV 
family of power supplies 
suits applications such as 
computer-based systems, 
peripherals, and point-of- 
sale and communications 


equipment. Features include 
an 85V- to 265V-ac auto- 
select input, class B EMI rat- 
ing, and power-supply-mon- 
itoring signals. The company 
plans to introduce a power- 
factor-corrected version 
with the same form factor. 
Prices start at $166 (OEM) for 
a 300W model. Lambda 
Electronics Inc, Melville, 
NY. (516) 694-4200. 

Circle No. 391 


DC/DC converter pro- 
vides 165 to 240W witha 
power density of 43 
Wiin.?. The 24000P series, a 
member of the company’s 
Power-Pak family of mod- 
ules, measure 4.6X2.4x0.5 
in. The modules provide cur- 
rent sharing, and you can 
parallel them for use in N+1 
redundant systems. Input 
voltage ranges from 36 to 72 
or 180 to 400V. Output volt- 
ages are'3°3,- 53°12) tS) Or 
24V. Input-to-output isola- 
tion is 2700V, and efficien- 
cies are as high as 86%. The 
modules operate up to a 
base-plate temperature of 
100°C and have an MTBF >1 
million hours. All models 
meet UL 1950, CSA 22.2, and 
VDE 0805 requirements. The 
modules cost $192 (100). 
Conversion Devices Inc, 
Brockton, MA. (508) 559- 
0880. Circle No. 392 


Hardware and software 
let you monitor and man- 
age smart and dumb UPS 
systems. NetTrax XMP runs 
under Novell NetWare 3.1 or 
higher and lets you monitor 
and manage uninterruptible 
power supplies (UPSs) on 
both file servers and Win- 
dows workstations. The soft- 
ware works with the vendor’s 
UPSs and those from other 
vendors, including APC, 
Tripp Lite, Best, and Exide. 
Prices for the software start 
at $249.95. Prices for Agent 
X, a program that works with 
competing smart (wP-con- 
trolled) UPSs, start at $89.95. 
NodeTrax is similar in shape 


OVER THE PAST 

40 YEARS 

EDN HAS DELIVERED 

THE INFORMATION 

YOU NEED TO DO 

YOUR JOB MORE 
EFFECTIVELY. 


e 1st publication to discuss semicustom ICs as a design 














alternative. 

e 1st publication to research and document surface-mount 
technology (SMT) with “hands-on” coverage actually 
designing and manufacturing a surface-mount PC board 

e 1st publication to write about the implications of digital signal 
processing (DSP) which led to six DSP Directories 

e 1st publication to actually design, fabricate and test a 
semicustom IC and describe the process 

e Only publication to explore comprehensive tools and 
technology of the future through the Decade 90 series 

e Only publication to provide readers with a free Bulletin Board 

e Only publication to publish an annual microprocessor 
directory — 21 and counting 

¢ Only publication to regularly complete hands-on projects — 

16 and counting 

e Only publication to exclusively employ engineers as technical 
editors 

e Only publication to sponsor an annual awards competition for 
excellence and innovation in the electronics industry: the 


EDN Innovation Awards — 5 years and counting 
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to a standard plug-strip surge 
protector, but it allows con- 
nection to NetIrax XMP to 
provide monitoring of dumb 
UPSs. It costs $99.95. EFI 
Electronics Corp, Salt Lake 
City, UT. (801) 977-9009. 
Circle No. 393 


High-voltage power 
sources drive CW mag- 
netrons from 1 to 75 kW. 
You can use the 12-kW mod- 
ules individually or stack 
them to provide high-volt- 
age dc power from 12 to 
>100 kW. The supplies drive 
continuous-wave (CW) mag- 
netrons for industrial heat- 
ing applications. The devices 
allow output power to be 
shut down in <30 usec after 
the devices receive a fault 
signal and then to start up 
again, according to a preset 
program. The devices use 
automatic ramping of the 
anode voltage and current to 





minimize magnetron stress. 
Efficiency is typically 90%. 
From $6000. Spellman 
High Voltage Electronics 
Corp, Plainview, NY. (516) 
349-8686. Circle No. 394 





Low-cost programmable 
power supplies. The PPS 
series of industrial-grade, 
linear, single-channel, pro- 
grammable power supplies 


costs $895 to $1995. The 
devices include an IEEE-488 
interface that controls 
power-supply functions, 
including calibration. The 
supplies also have a keypad 
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and an LCD for local opera- 
tion. You can constantly 
monitor voltage and current 
on the display. To ensure 
that the load receives the 
proper voltage and current, 
the supplies have a remote- 
sense function to compen- 
sate for lead-wire losses. The 
product line includes 22 
models ranging from 8V dc 
at 10A to 250V at 0.8A. 
American Reliance Inc, 
Arcadia, CA. (818) 303-6688. 

Circle No. 395 


1 to 15W encapsulated 
ac/dc converters offer 
low noise. The PM300 and 
PMS0O0 series of power con- 
verters has output ripple and 
noise ranging from 0.5 to 2 
mV rms, depending on the 
model. Line regulation is 
+0.02%, and load regulation 
is 0.01 to 0.05%. Input volt- 
age is 115, 220, or 240V ac. 
The converters have an oper- 


ating temperature range of 
—25 to +71°C and an MTBF 
>700,000 hours. They are 
available in single-, dual-, 
and triple-output versions 
with prices ranging from $70 
to $130 (S00). Computer 
Products Inc, South Boston, 
MA. (617) 268-1170. 

Circle No. 396 





DC/DC converters pro- 
vide 3.3V at 30W. The 
3003LP series of dc/dc con- 
verters has input ranges of 9 
to 18, 18 to 36, and 36 to 
72V. The converters feature 
SOOV-dc input/output isola- 


tion, efficiency up to 82%, 
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© (800) 982-COAX (U.S. Only) « 


i Reboot improved, powerful, low-cost, 
Eby Stripper delivers production quality 
performance with up to 250 strips per charge 


(7.2V NiCad battery without memory effect). 


Trompeter’s Coax Hand Crimp Tool 
increases productivity and profitability with 
its ergonomic design and a choice of stan- 
dard or custom fitted dies. 

Trompeter’s new BNC/Mini-WECo 
fore’ verlies pin depth, opens and 
, shorts. The only BNC and 
patch cord tester avail- 
. able. Comes complete 
| with case, battery and 


terminators. Can be 


= used in telecom/broad- 
band, broadcast, mil-aero 
and cable TV. 


Quality doesn’t cost...it pays! 


AAXTROMPETER 





Soot oN ras 


iS oes, Bas 


(818) 707-2020¢ Fax (818) 706-1040 


Please call me, Circle No. 81 





SO WHAT HAS EDN 





DONE FOR YOU 





LATELY? 


Cooling Hot Microprocessors 





by Dan Strassberg, January 20, 1994 
“Electromagnetic Compatibility Special Supplement” 
January 20, 1994 
Wiring the World with ATM 
by Richard A. Quinnell, March 3, 1994 
Probing the Limits of Logic Synthesis 
by Ray Weiss, March 17, 1994 
New Chips Give PCs TV-Quality Video 
by Gary Legg, March 31, 1994 
Power ICs: Weighing the Benefits of Integration 
by Anne Watson Swager, July 7, 1994 
Fuzzy Logic Design Tools Help Build Embedded Systems 
by Gary Legg, July 21, 1994 
Synchronous Memories 
by Richard A. Quinnell, August 4, 1994 
“Project Ploughshare: Putting Military Technology to Other 
Uses”, August 18, 1994 
CDPD Network 
by John Gallant, October 13, 1994 
Shooting-Down the True Lies in FPGA Benchmarking 
by John Cooley, October 27, 1994 
“Green Design Issue”, November 10, 1994 
“Hot 100 Products 1994”, December 8, 1994 
DRAM Annual Report 
by Markus Levy, January 5, 1995 
Cache Memory Special Report 
by Markus Levy, January 19, 1995 
Plug ‘n Play 
by Dan Strassberg, March 2, 1995 
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continuous short-circuit protection, 
and output overvoltage protection. 
Output voltage accuracy is +1%, and 
line/load regulation is as low as 0.2%. 
All models include a remote on/off- 
control input and an input z filter. The 
converters come in 3X2.56X0.375-in. 
metal cases and operate from -—30 to 
+75°C. $95.50 (100). Conversion 
Devices Inc, Brockton, MA. (508) 559- 
0880. Circle No. 397 





box, system, or IC level." 


In the U.S. 
for more information 
or to place an order call 


1-800-366-2665 
M-F 8:30-4:30 E.T. 
Fax 617-279-4851 
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books that work the way you work 
Analog Circuit Design: 


Art, Science, Personalities 
Jim Williams, Linear Technology Corp., Editor 
"If you do any analog circuit design, buy this book!...The well- 
indexed volume ... provides a picture of analog design, in all its 
diversity, as a way of thinking and a way of approaching problems." 


Dan Strassberg, EDN 
199] 352pp. clth 07506 91662 $44.95 (£30.00) 


Based on the EDN Series, with 20% NEW material 


Troubleshooting Analog Circuits 

Robert Pease, National Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience 
designing analog circuits--and working the bugs out of them. This 
book is for you whether you're designing analog circuits at the board, 


Electronic Design 
1991 208pp. cloth 07506 91840 $32.95 (£19.95) 


Loaded with practical information 
Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
This is a comprehensive reference on proper selection, specification 
and application guidelines from one of the world's largest sealed-cell 
manufacturers. May 1992 432pp. cloth 07506 9227 8 $49.95 (£38.50) 


The EDN Series for Design Engineers 


BUTTERWORTH-HEINEMANN 


80 Montvale Ave., Stoneham, MA 02180 era, 
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SW dc/dc converters available in 
24-pin DIP package. The TPS5B series 
dc/dc converters are available in 21 
models with 2:1 input ranges from 4.5 
to 72V. They are available with single 
and dual outputs with efficiencies from 
65 to 75%. Load regulation is +1% for 
single-output models and +2.5% for 
dual-output models. Voltage accuracy is 
+3% max. All models offer short-circuit 
protection and come in six-sided metal 





















In Europe, order from: 
Reed Book Services Ltd. 
Special Sales Department 
P.O. Box 5, Rushden 
Northants NN10 9YZ U.K. 
TEL. 0933 58521 FAX 0933 50284 
Please quote "Cahners 13.89" 
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cases. The operating temperature range 
is -25 to +71°C. The TP5W single-out- 
put series cost $49.83 (100). Total 
Power International Inc, Lowell, MA. 
(S08) 453-7272. Circle No. 398 


Dual-output, 2W dc/dc converters 
offer 6-kV input-to-output isola- 
tion. The NMS series dc/dc converters 
operate from 5 or 12V inputs and have 
outputs of +5, +9, +12, or +15V. The 
converters offer efficiencies up to 85% 
and maintain full efficiency with loads 
as small as 1W. Output-voltage regula- 
tion is 15% or better over the full cur- 
rent range. The devices come in low- 
profile 24-pin DIP packages and operate 
from 0 to 70°C. $23.87 (1000). New- 
port Technology Inc, Raleigh, NC. 
(919) 571-9405. Circle No. 399 


High-reliability, 15W triple-output 
dc/dc converter in small package. 
The MHF+28515T military-spec dc/dc 
converter measures 1.45X1.12.325 






in. and provides 5 and +15V with a 
combined output power of 15W. The 
MHF+28512T provides 5 and +12V. 
Both models operate over the -55 to 
+125°C temperature range without der- 
ating. Input voltage ranges from 16 to 
48V and complies with the require- 
ments of MIL-STD 704A. $407 (100). 

Interpoint Corp, Redmond, WA. (206) 
882-3100. Circle No. 400 


Miniature switching-power-sup- 
ply family provides outputs to 48V 
dc. The company’s family of miniature 
switching-power supplies offers 30W 
output and is available in a pc-board- 
mounting configuration ($175) or a 
screw-terminal configuration ($180). 
Regulation is better than >+0.05%, and 
ripple is less than 25 mV rms. The 
power supplies feature short-circuit 
protection and operate from 85 to 135V 
ac or 120 to 180V dc. The supply foot- 
print is 3.52.5 in. Acopian, Easton, 
PA. (800) 523-9478. Circle No. 401 








MAYBE THAT’S WHY 
EDN HAS WON 
85% OF INDEPENDENT 
READERSHIP STUDIES IN 

EACH OF 
THE LAST 16 YEARS. 

















For 40 years EDN has been the must-read magazine for design 
engineers in the Electronics OEM. Our unique editorial coverage 
has consistently proven to be the most useful to you and your 
colleagues because EDN gives you the important information 


that helps you do your job better. 
But we’re too young to rest on our laurels. We'll continue to 


bring you the information you need when you want it and how 


you want it...for the next 40 years and beyond. 


EDIN 


What engineering is really all about. 
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I to 40 MByte capacity 
PCMCIA/JEIDA 68 pin standard Type I 
Embedded TrueFF S° (True Flash File System) 
Full Hard Disk Compatability 

5 Volt only (12V supply not required) 
Low Power Consumption 

eXecute-In Place (XIP) Compatible 
No Battery Backup Required 


\ON OF p, 
- 46 


INWOYAION ) 

Coe oi, 

- BIOS and Bootable Disk in one Package 

- 1 to 4 MByte Capacity 

| sh Disk:100% Compatible with DOS 
~ Pin to Pin ible with EPROM BIOS 
Interleaving Support for Fast Write and Erase 

_ Low Power Consumption 
Single 5 Volt Supply 
Industry Standard Packaging 
No Battery Backup Required 






Solid State Disk for Mobiie Computers 












ED102/ED104, 1-4 MByte Flash Disk TrueF FS” is a registered trade mark of M-Systems and is protected by USwpatent ASA 
Get in on the action 


M-Systems 


mmm Flash Disk Pioneers 





USA Tel: 408- 654. 5820 8.654. 9107 


ISRAEL Tel: 972-3-647-7776 Fax: 972-3-647-6668 
CIRCLE NO. 196 














FREE INFO, FREE POST, 


| Use our postage-paid 
| cards to get more informatior 
any of these products. 


PC/104 IEEE 488 interface 
transfers data at up to 
1.6 Mbytes/sec. The 
PC/104-GPIB fits embedded 
PCs with PC/104 expansion 
connectors. The board is 
hardware- and software- 
compatible with the compa- 
ny’s AT-GPIB/TNT plug-in 
IEEE 488.2 interface. The 
board comes with NI-488.2 
software for DOS and Win- 
dows and is compatible with 
the company’s data-acquisi- 
tion software. $495. Nation- 
al Instruments, Austin, TX. 
(512) 794-0100. 

Circle No. 403 





Software tests Pentium- 
based PCs for floating- 
point defect. The software 
performs 20,000 calcula- 
tions to check the floating- 
point divide on Pentium 
processors. The software 
includes instructions for 
replacing flawed processors. 
$4.95 pays for the disk, ship- 
ping, and handling. USA 
Computers/Custom Soft- 
ware Inc, Lisle, IL. (708) 
641-8977. Circle No. 404 


Benchtop tunable fil- 
ter/amplifier unit has 0.1- 
to 49.9-kHz frequency 
range. The Model 900 tun- 
able filter provides four- or 
eight-pole linear-active fil- 
ters in a 3.5X8.5X9.3-in. 
instrument. The unit is avail- 
able with highpass or low- 
pass Butterworth or elliptic 
filters, and lowpass Bessel fil- 
ters. Front-panel controls let 








you set the corner frequen- 
cy, gain, offset, input selec- 
tion, and bypass. The basic 
unit with a choice of transfer 
functions costs $980. Addi- 
tional modules are $590 for 
eight-pole and $490 for four- 
pole transfer functions. A 
unit accepting battery or ac 
power costs $1230. Frequen- 
cy Devices Inc, Haverhill, 
MA. (508) 374-0761. 

Circle No. 405 


Data-analysis and graph- 
ical-presentation soft- 
ware for the PowerMac. 
The Pro Fit 4.2 interactive 
program analyzes and repre- 
sents functions and data. 
The tool provides interactive 
parameter modeling, curve 
fitting, spreadsheet-data 
management, and standard 
functions for scientific data 
analysis and graphing. $349. 
Cherwell Scientific Pub- 
lishing Inc, Palo Alto, CA. 
(415) 852-0720. 

Circle No. 406 


System simplifies the 
development and testing 
of PCMCIA storage de- 
vices. The CardBench man- 
ufacturing test and develop- 
ment system is a self-con- 
tained test system for PCM- 
CIA Type I, II, and III storage 
devices. The system includes 
a CPU, software, a program- 
mable power supply, and 
multiple test slots for testing 
PCMCIA cards against PCM- 
CIA and ATbus-attachment 
specifications and standards. 
The eight-slot CardBench 
5000 system costs $17,500, 
and the two-slot CardBench 
1000 costs $7500. Zadian 
Technologies Inc, San Jose, 
CA. (408) 894-0800. 

Circle No. 407 


VLSI tester offers strobe 
rates to 400 MHz and 
drive rates to 600 MHz. 
The Model 400 Vega Series 
VLSI tester provides a tester- 
per-pin architecture and is 
available with 32 to 384 
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pins. The tester offers a vec- 
tor-memory depth of 4 to 64 
Mbits and accommodates 
on-the-fly timing changes 
for period, edge, and format. 
According to the company, 
the MegaFlex vector-based 
timing subsystem lets you 
program a broad range of 
event-logic sequencing and 
simplifies interfacing to a 
variety of CAD-output for- 
mats. Typical price for the 
tester is $9000 per pin. 
Megatest Corp, San Jose, 
CA. (408) 437-9700. 

Circle No. 408 





Instrument tests and 
troubleshoots soldering 
irons. The STS900 tests sol- 
dering irons for tip voltage, 
temperature, and resistance. 
It also tests solder pots, wave- 
soldering machines, and 
ESD-protection equipment, 
such as wrist straps. The 
standard analog output lets 
you record data on a chart 
recorder or other device. 
$895. Newport Electronics 
Inc, Santa Ana, CA. (714) 
540-4914. Circle No. 409 


PCMCIA card has 16-bit 
ADC with sample rates to 
100 kHz. The DAQP-16, 
Type II PCMCIA card accepts 
eight differential or 16 sin- 
gle-ended analog inputs and 
is expandable to 256 inputs. 
The input ranges are pro- 
grammable from +0.625 to 
+5V. A 512-sample data FIFO 
buffer enables full-speed 
data acquisition under vari- 
ous operating systems, 
including DOS and Win- 
dows. The card converts at 
full speed while using ran- 
dom-channel ordering and 
gain selection on up to 256 
channels. An internal clock 


and divider provide accurate 
sampling rates from 0.01 Hz 
to 100 kHz. The card also 
provides four digital-input 
and four digital-output 
channels. The card, includ- 
ing software drivers and a 
dynamic-link library for var- 
ious programming lan- 
guages, costs $795. Quatech 
Inc, Akron, OH. (216) 434- 
3154. Circle No. 410 


PCMCIA card converts 
analog signals to 12-bit 
resolution at 100k sam- 
ples/sec. The PCM-DAS16 is 
available in a 16-channel, 
single-ended version and an 
eight-channel, differential 
version. Bipolar ranges are + 
0.625 to +10V. Unipolar 
ranges are 0 to 0.125V to 0 to 
10V. A 512-word FIFO buffer 
allows full-speed sample 
transfers of large blocks of 
data under Windows. Eight 
bidirectional digital bits sup- 
ply signals for sensing or 
closing contacts. A program- 
mable clock provides flexible 
sample-rate control. The 
card costs $449. Computer 
Boards Inc, Mansfield, MA. 
(508) 261-1123. 

Circle No. 411 


Windows-based data- 
acquisition software 
offers configuration and 
control enhancements. 
WorkBench PC for Windows 
Version 2.0 now operates 
with any IEEE-488 board 
based on the NEC 7210 chip. 
You can load and start alter- 
nate worksheets based on 
internal trigger points. You 
can also set the tool to latch 
an input based on the high 
or low level of another input 
and use setpoint triggers. 
The software provides his- 
torical trending, charts, date 
and time stamp, a sequence 
generator, automatic calibra- 
tion, and streaming data to 
disk. The base edition of the 
software costs $995. An 
extended edition that adds 
statistics, filters, regression 
analysis, FFTs, and other fea- 
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stock for Free PICO Catalog. 
Call toll free 800-431-1064 
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» j CoO Electronics, Inc. 
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tures costs $1245. The runtime edition 
costs $329. Strawberry Tree Inc, Sun- 
nyvale, CA. (408) 736-8800. 

Circle No. 412 


350-MHz DSO offers four channels 
with high sensitivity. The DataSYS 
940 digital storage oscilloscope (DSO) 
has input ranges of 2 mV to SV per divi- 
sion and 50k-word memory on all four 
channels. The instrument provides 
waveform analysis, including FFTs, 25 
automatic measurements, and long- 
term archiving for later reference. 
Options include a 120-Mbyte hard-disk 
drive, a 1.44-Mbyte floppy-disk drive, a 
memory card, a single-ended active 
probe, and differential FET probes. 
Other options are available. Price for 
the four-channel DSO with color dis- 
play starts at $12,295. Gould Instru- 
ment Systems Inc, Valley View, OH. 
(404) 328-7263. Circle No. 413 


Oscilloscope module for logic ana- 
lyzer provides two channels with 
500-MHz bandwidth. The HP 
16534A oscilloscope module samples at 
2G samples/sec and offers timing accu- 
racy of +0.005% at >150 psec. The 
scope module works with logic-analyz- 
er modules in the HP 16500B main- 
frame to trigger a software code, state 
sequence, or timing to capture events. 
The HP 16500B logic-analysis-system 
mainframe costs $8980 and accommo- 
dates up to four digital scope cards. The 
oscilloscope module costs $11,800. 
Hewlett-Packard Co, Santa Clara, CA. 
(800) 452-4844, ext 9074. 

Circle No. 414 


Solve calculus equations on HP 
48G or 48GX calculators. The Calc- 
Ware Series version 2 software now 
solves and plots equations. The soft- 
ware suits use by mathematics students 
and includes precalculus and calculus 
products. Each costs $39.95 and comes 
on a 3.5-in. floppy disk. Sparcom 
Corp, Corvallis, OR. (S03) 757-8416. 
Circle No. 415 


Two-channel, eight-pole filter pro- 
vides 0.1-Hz to 200-kHz tuning 
range. The Model 3382 filter is selec- 
table between a maximally flat Butter- 
worth filter and a linear-phase Bessel fil- 
ter. Each channel can be a lowpass or 
highpass filter, providing an input gain 





from 0 to 50 dB and an output gain to 
20 dB in 0.1-dB steps. The instrument 
has a +10V input-signal range. Band- 
pass operation is available by connect- 
ing the filters in series, and band-reject 
operation is available by connecting 
the filters in parallel. The instrument 
costs $1695. An option extends the fre- 
quency range down to 0.005 Hz. 
Krohn-Hite Corp, Avon, MA. (508) 
580-1660. Circle No. 416 


ISA bus card provides 16 optically 
isolated inputs. The ISOI-16 provides 
2500V isolation. You can select inter- 
rupts on a per-line basis and program 
the lines to be enabled for high- or low- 
signal levels. The board uses 4 bytes of 
I/O space. It costs $149. Berkshire 
Products, Duluth, GA. (404) 271-0088. 

Circle No. 417 





ply is less than 2 in. wide. Nine of 
these slim, programmable power sup- 
plies fit into a standard 7X19-in. rack 
housing. Each module is independent 
of the housing and can operate alone. 
You can insert and remove the modules 
from the front for N+1 redundancy. 
Eight supplies are available ranging 
from 0 to 6V at 20A to 0 to 150V at 
1.2A. Each module has a serial interface 
for communication with other instru- 
ments, including VXI. The modules 
accept an 85V- to 264V-ac input and 
meet IEC 555.2 requirements. Each 
module provides polarity selection and 
output on/off relays. The modules cost 
$1695 each. Kepco Inc, Flushing, NY. 
(718) 461-7000. Circle No. 418 


Graphics tool kit builds real-time 
displays under Windows in C and 
C++ or Visual Basic. The Real-Time 
Graphics Tools for Windows let you cre- 
ate real-time process control, scientific 
instrumentation, and monitoring dis- 
plays for Windows, Windows NT, and 
Windows 95. The base version includes 
16- and 32-bit dynamic-link libraries. 
The tool kit contains a collection of 
dynamic graph types, which you can 





update in real time with smooth 
scrolling. The software provides >300 
functions. There are no royalties or run- 
time fees. The base version costs $600 
for C/C++ and $500 for Visual Basic. 
The advanced developer’s version costs 
$1200 for C/C++ and $1100 for Visual 
Basic. Quinn-Curtis Inc, Needham, 
MA. (617) 449-6155. Circle No. 419 


Digital termination panels offer 
quick-disconnect feature. 3U-size 
digital termination panels with the 
quick-disconnect feature are available 
for digital relay output panels ($205), 
digital isolated input panels ($235), and 
optically isolated panels ($130). Intelli- 
gent Instrumentation Inc, Tucson, 
AZ. (602) 573-0887. Circle No. 420 


Frequency-analysis software lets 
you specify a range of FFT window 
widths. Snap-Master frequency analy- 
sis version 3.0 lets you specify window 
widths whose prime factorial includes 
an even combination of two, three, 
five, and seven up to 16,384 data 
points. The tool provides >300 FFT win- 
dow widths instead of the eight typical 
for products restricted to powers of two. 
The software also provides 23 window 
types. A stand-alone analysis package 
costs $495 or comes with Snap-Master’s 
data-acquisition module for $995. Hem 
Data Corp, Southfield, MI. (810) 559- 
5607. Circle No. 421 








LAN cable tester for 100-MHz Cat- 
egory 5 networks. The Lantek Pro XL 
cable tester suits the installation and 
troubleshooting of Category 5 cabling 
for asynchronous-transfer-mode and 
other high-speed applications. The 
handheld instrument has a 40-sec test 
speed. Tests include crosstalk at both 
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ends of the cable, line mapping, signal 
attenuation, dc-loop resistance, mutual 
capacitance, and cable length. The 
instrument also calculates the attenua- 
tion-to-crosstalk ratio. It automatically 
tests categories 3, 4, and 5 cable on 
one-, two-, three-, and four-pair 
unshielded-, foil-, and shielded-twist- 
ed-pair cable and on coaxial cable. 
$4495. Wavetek Corp, San Diego, CA. 
(619) 279-2200. Circle No. 422 












January 1993 228pp. 





In the U.S. 
for more information 
or to place an order call 


1-800-366-2665 
M-F 8:30-4:30 E.T. 
Fax 617-438-1479 







books that work the way you work 


New edition! 


Operational Amplifiers, 2e 
Jiri Dostal, Research Institute for Mathematical 


Machines, Czechoslovakia 

This updated edition is an unusually practical and highly authoritative volume 
that examines design-philosophy, theory, practice, and the newest technologies. 
April 1993 360pp. cloth 07506 9317 7 $49.95 (£46.00) 


Specific design examples of circuits! 
Radio Frequency Transistors: 


Principles and Practical Applications 
Norman E. Dye and Helge O. Granberg, Motorola 


Written by two experienced RF design engineers, this new book discusses the 


selection of solid state devices for specific applications. 
cloth 07506 90593 $39.95 (£40.00) 


Achieve acceptable EMC performance at minimal cost! 


EMC for Product Designers 


Tim Williams 

Electromagnetic compatibility is becoming increasingly important in the design 

of electronic products. In the absence of comprehensive U.S. standards, this book 

examines the European Commission's standards on EMC and, most importantly, 

outlines how EMC design principles need to be incorporated from the beginning 
to avoid cost and performance penalties. 

1992 272 pp cloth 07506 94645 $42.95 (£24.95) 


TEL. 0933 58521 FAX 0933 50284 


BUTTERWORTH-HEINEMANN 
| 80 Montvale Ave., Stoneham, MA 02180 


Handheld transmission-line DMM 
tests two- and four-wire telecom- 
munication transmission lines. The 
Telesense 1000 measures line loss, fre- 
quency response, and background 
noise. The instrument also provides a 
20-kHz frequency counter and 404-, 
1004-, and 2840-Hz signal-generator 
tones. Other features include true rms 
measurements and basic DMM fea- 
tures, such as ac/dc voltage, dc, and 























In Europe, order from: 
Reed Book Services Ltd. 
Special Sales Department 

P.O. Box 5, Rushden 

Northants NN10 9YZ U.K. 


Please quote "Cahners 13.89" 
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resistance. The unit has a 
31/2-digit LCD and can with- 
stand 10-ft drops. $495. 
American Reliance Inc, 
Arcadia, CA. (818) 303-6688. 

Circle No. 423 


Universal device pro- 
grammer supports a vari- 
ety of products. The All- 
Max+ programs PLDs, 
including the Advanced 
Micro Devices Mach family; 
bipolar PROMs; EPROMs and 
EEPROMs to 16 Mbits; 
microcontrollers, such as the 
Microchip PIC series, the 
Motorola MC68XXX, the 
Zilog Z86 series; serial 
EPROMs; and serial EEP- 
ROMs. The programmer 
interfaces with a PC through 
a parallel port or a high- 
speed parallel interface card. 
It has a 48-pin ZIF socket for 
programming DIPs; a gang- 
programming option; and 
optional socket adapters for 





PLCC, SOIC, and SMD 
devices. The programmer 
comes with a lifetime of free 
software upgrades via the 
vendor’s bulletin-board sys- 
tem. The programmer costs 
$745, including software, 
cable, and manuals. Elec- 
tronic Engineering Tools, 
Sunnyvale, CA. (408) 734- 
8184. Circle No. 424 


IEEE-1149.1 JTAG bound- 
ary-scan controller board 
for ISA bus supports four 
independent JTAG ports. 
The PC-1149.1/100F lets you 
apply scan vectors to as 
many as four scan chains. 
The controller accommo- 
dates scan-chain lengths up 
to 4 Gbits and a TCK speed of 
up to 25 MHz. The board 
also includes RS-422 support 
for hierarchical multidrop 
scan architectures, such as 
National Semiconductor’s 
Scan bridge. The board also 


THE SMALLEST 
INNOVATIONS 
DEMAND ENORMOUS 
EXPERTISE. 


ETAL transformer designs 
set standards for the world’s 
telecoms and datacoms 
industries. 
Safe and reliable 
ETAL transformers 


enable designers to 
achieve important 
reductions in the size 
and weight of fax machines, 
modems and other telecoms equipment. 
When you need an original solution call us. 


WORLD CLASS TELECOMS TRANSFORMERS 


Electronic Techniques (Anglia) Ltd. 
10 Betts Avenue, Martlesham Heath, Ipswich IP5 7RH England. 
Tel: +44 - (0)1473 611422. Fax: +44 - (0)1473 611919. 
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| EDN Test & MEASUREMENT 


includes 16 bidirectional 
digital I/O lines for non- 
scannable nodes on the unit 
under test. $2950. Corelis 
Inc, Cerritos, CA. (310) 926- 
Circle No. 425 


6727. 





Digital cable tester for 
Category 5 cable testing. 
The DSP-100 LAN CableMe- 
ter is a handheld tool for test- 
ing installed Category 5, ISO 
and IEC LAN cabling to 100 
MHz. The tester uses DSP 
technology to provide high 
accuracy, high test speed, 


and fault identification with 
location of crosstalk faults. 
The unit performs a cable 
test in 20 sec. It costs $3795. 
With a smart remote unit for 
measuring near-end 
crosstalk at both ends of the 
cable, the tester costs $4995. 
Fluke Corp, Everett, WA. 
(206) 347-6100 

Circle No. 426 


LCR meter has 1-GHz fre- 
quency range. The HP 
4286A measures inductance, 
resistance, and capacitance 
(LCR) from 1 MHz to 1 GHz 
with 10-kHz resolution. The 
meter’s impedance ranges 
from 200 mOQ to 3 kQ, and 
basic accuracy for imped- 
ance is 1%. Test signals range 
from 10 mV to 1V. The 
instrument requires 15 msec 
per measurement. $27,600. 
Hewlett-Packard Co, Santa 
Clara, CA. (800) 452-4844, 
ext 9150. Circle No. 427 


el Ore) i RP 


SCSI bus SWITCHES 


Tel: (415)322-5322 


Fax: (415)322-0455 


7 aN NG GD 


CORPO RAT ICOM 


115 Constitution Drive, 





Menlo Park, CA 94025 
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Command translator lets 
you use IEEE-448 to con- 
trol proprietary bus. The 
GAT-1 translates IEEE-488 
commands to the Audio Pre- 
cision Interface Bus (APIB) 
commands. The unit lets 
owners of APIB-based Sys- 
tem One units operate them 
through an IEEE-488 con- 
troller. The command trans- 
lator costs $1850. Audio 
Precision, Beaverton, OR. 
(S03) 627-0832. 

Circle No. 428 


Data-acquisition boards 
for PC/104 offer 12- and 
16-bit resolution at 100k 
samples/sec. The 12-bit 
AIM-12-1/104 ($365) and 
the 16-bit AIM-16-1/104 
($625) have 16 single-ended 
or eight differential analog 
input channels and 16 digi- 
tal I/O lines. The 16-bit 
board provides 85 dB of spu- 
rious-free dynamic range 





(SFDR) with input ranges of 
10,-5, 2.5,;,and 1.25V. The 
12-bit board provides 75 dB 
of SFDR with input ranges of 
10 and 1V and 100 mV. They 
are available with bipolar or 
unipolar ranges. Analogic 
Corp, Peabody, MA. (508) 
977-3000. Circle No. 429 


Direct-digital-synthesis 
function generator for 
communications product 
testing. The Model 1404A 
function generator lets you 
select frequency, amplitude, 
and modulation directly 
from a knob- and key-con- 
trolled front panel. Cursor 
controls let you identify the 
active parameter on the dis- 
play for editing. The instru- 
ment has a 10-mHz frequen- 
cy resolution and a 100-mHz 
to 20-MHz frequency range. 
Both sine- and TTL square- 
wave outputs are simultane- 
ously available. A variety of 


PC NeuroComputer 


Neural Network Processor 


telesvVte 
TECHNOLOGY, INC. 


Run Large 
_ Neural Networks a at 
S uper-C omputer Speeds on Your PC 





Features 
¢ DOS Operation 


¢ 140 Million 
Connections/sec. 


¢ 8,000 Neurons 
¢ 32,000 Connections 
¢ Parallel 10 Processors 


Includes Neural Network Toolbox 
Software for Designing Networks 


tele’ tE your source for cost 
effective Neural Network Processing 
270 Pulaski Road * Greenlawn, NY 11740 


Phone: 1-800-835-3298 * (516) 423-3232 
Fax: (516) 385-8184 + (516) 385-7060 
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modulation types is avail- 
able, including binary 


phase-shift keying, quadra- 
ture phase-shift keying, 8 
phase-shift keying, and 





quadrature amplitude mod- 
ulation (QAM). The instru- 
ment digitally implements 
QAM. You can phase-lock 
two or more instruments 
and control the phase angle 
independently. The instru- 
ment costs $1295, including 
RS-232C and IEEE-488.2 
interfaces. Pragmatic 
Instruments Inc, San Diego, 
CA. (619) 271-6770. 

Circle No. 430 


Floating-point DSP board 
for PCs costs $595. The 


DSP platform uses the 32-bit 
TMS320C32 DSP. It is 
source- and object-code- 
compatible with other mem- 
bers of the TMS320C3X fam- 
ily and _ source-code- 
compatible with’ the 
TMS320C4X family. The 
board includes a stereo 16- 
bit A/D D/A converter and 
128 kbytes of zero-wait-state 
SRAM. A bytewide DRAM 
interface lets you add up to 
16 Mbytes of low-cost SIMM. 
A software-developer’s kit is 
available with the TI 
TMS320 floating-point DSP 
optimizing C compiler, 
TMS320 floating-point DSP 
assembly-language tools, a C 
source debugger, a real-time 
I/O system providing memo- 
ry management, real-time 
device-independent I/O dri- 
vers, and a host/DSP com- 
munication system. Atlanta 
Signal Processing Inc, 
Atlanta, GA. (404) 892-7265. 

Circle No. 431 


Parallel DSP 
SOFTWARE 


Contact us for free information 
on programming multi-C40 DSP 
projects in 3L Parallel C, 





the 


leading Parallel DSP software. 


3L LTD, 86/92 CAUSEWAYSIDE, EDINBURGH EH9 1PY, SCOTLAND. 


TRL} 


+44 131 662 4333 FAX: +44 131 662 4556 


E-MAIL: ThreeL@ThreeL.co.uk 
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Product Mart 


This advertising is for new 
and current products. 


Please circle Reader Service number for additional 
information from manufacturers. 


DECISION 
IS YOURS! 


as to who gives you the best value? 
FR4 Multilayer Boards 1-5 Day Turn 


QUANTITY 2 5 10 QUANTITY 2 5 


a7 248 
| 90 | 


BF 20 40s [1075 [205 


SERVICES 
¢ Same day Prototype 
¢ Hi-Volume Production Runs 
¢ Instant Quotes 
* Complete CAD/DFM Service 
¢ Deep Tank Gold & Palladium 
¢ 24 Hour Modems 
¢ Gerber/AutoCad/HPGL/P-CAD 
¢ SMT & Thru Hole Assembly 
¢ Stencil 


iA ot traC@ inc, CALL US TODAY AT 
Tj 408-748-9600 
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EXTRAS ¢Photoplotting 
* Gold $50.00 ¢ Testing 
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DSP ¢ HPC « 8085 « 2380 


REAL-TIME IN-CIRCUIT 
DEBUGGING & DEVELOPMENT 


~ ON-THE-FLY ACCESS TO 


— PROGRAM AND 


DATA MEMORY 


REAL-TIME 


ACE FILTERING 


>? TRY BEFORE 
YOU BUY 


FREE USER SUPPORT =~ 
h AL UNIT WITH NO PLUG-IN CARDS © 


FOR MORE INFO OR TO ARRANGE 
YOUR 10 DAY FREE TRIAL, CALL: 


1-800-838-8012 
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USER INTERFACE 


80C 196 


In-Circuit Emulators 


See EEM 
94-95 pages 
D 1288-1294 


5 ft. cable 


- Windows interface. Hosted on PC’s and workstations. 
- Real-time emulation at maximum chip speed. 

- High-level C support. 

- 104 bits wide, 512K deep trace with 40 bit time stamp. 
- Support for most derivatives including NT and NP. 


Call for a 
Free Demo Disk. 


(408) 866-1820 


51 E. Campbell Avenue 
Campbell, CA 95008 
Fax (408) 378-7869 
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Fax-On-Demand 
Literature Request Service 
408-378-2912 


noHauU 


CORPORATION 





Best Value in the World 


for 
POLYIMIDE & FR4 


1 to 5 DAY TURN 
1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th. 


AES 1 


@5 rn x 1.34 MH 5 DAY paces ABOVE 
M 10 PIECES x 1.67 Mi ULLISTED 


EXTRAS CAPABILITIES 


@ Photo Plotting @ Buried & Blind Vias 
@ Testi @ Polyimide Multilayer 
sting 


@ Full Body Gold 
@ Gold Contacts - $50 @ Carbon Paste 


25% -B Mil @ Tin nickel burn-in boards 
a fo elow 8 Mil Hole B SMT-SMOBC 


- Below 15 Mil Hole @ Up to 22 layers 
Mi SMOBC & LPI - $50 @ Impedance control boards 


FOR MORE INFORMATION CALL OR FAX 


Ken Bah! MJ 1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408) 735-1408 Modem (408) 735-9842 


DISCOUNTS 
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A Complete Line of Development Boards, 
Programmers and In-Circuit Emulators 


ee Announcing New Products 
DS-186 In-Circuit Emulator 
now supports NEC V25 


4 Other devices: 80C86/8-80C186/8/EA/EB/ECIXL-V20/30/40/50. fz 


For more information call us today 
( EI BO 1.800.833.4084 
CompuServe 100274,2131 
U.S.A. Tel: 314-830-4084 Fax: 314-830-4083 
Germany Tel: 06151-27505 Fax: 06151-28540 


Israel Tel: 972-9-555387 Fax: 972-9-553297 
CIRCLE NO. 230 
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Appreciated by over 70,000 users worldwide 

@ Supports Altera 7xxx, MACH 435, Xilinx, Intel 
FX7xxx, nearly all FPGA/CPLD/PLD... 

@ Support EPROM, 28/29F flash, serial PROM, 
PSD4XX/5XxX, Intel/Motorola/NEC/Hitachi MPU 
devices. Over 3,000 devices supported. 

m Jest TTL 74/40/45 series, DRAM(SIP/SIMM), and 
SRAM. EPROM EMULATION option. 

m Gang programming & stand alone option. 

@ Universal 44,68 pin PLCC modules. 


8051 IN-CIRCUIT EMULATORS 


NICE-51 SYSTEMS FROM $895 


® Supports 87(C)51 and many 
derivatives. 
@ Fully supports emulation of 
internal and external memory 
with no intrusion on user 
memory, |/0, stack, INT... 
@ Supports Archimedes, 
Franklin, Intel, IAR, KEIL, 
2500AD.,... C compilers and 
most assemblers. 
® Single step, go slow, run in real time, set break- 
points and much much more... 
= Complex trigger and filter functions let you trace in 
real time all or any portion of program execution 
you desire (up to 16K 48bit words). 


ROM/RAM EMULATORS 
TRE/EML SYSTEMS FROM $195 


= Emulate up to two 
27(C)64 - 27(C)010 \\ 
devices at one time in 
independent or 16 bit 
even/odd mode. 

m Emulate one 27C020, 
2701024, 2702048. 


EPROM PROGRAMMER FROM $143, 


Tribal Microsystems Inc. 


Tribal 44388 S. GRIMMER BLVD., FREMONT,CA 94538 
. Tel: (510) 623-8859 
Tribal Fax: (510) 623-9925 
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Multilevel Fault Tolerant System 
Yields Ultimate Application Protection 


“STAIRS” 


Standby Fault Tol Active Intelligent Redundant 8 


STAIRS was designed to meet the most stringent system requirements, for 

example; chemical process control, nuclear power regulation, air traffic con- 

trol or file server applications. In short any task that can not be allowed to fail; 
RS! 


nee 
%& Some Of The Many Features * 


| * Hot Swop, Load Sharing, Redundant Power Supplies 
* Drive Mirroring With Instant Drive Fail Alarm 
* Redundant CPUs 
- * Pro rietary 28 Shot Intelligent Passive Back plane 

64K System Mail Box For Inter CPU Communication 
* * Local & Remote Alarm Reporting For System Failures 
* Operating System Independent 


Send For Our New 1995 Catalog 


6780A Sierra Court 


Dublin, CA 94568 
PHN 510 828 3000 


Leaders In Industrial Computer FAX 510 828 1574 


Products Since 
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SUPER TURBO 


The MOST Flexible EPROM 
Emulator You Can Get Today! 


» Windows 

Yate and DOS 

PRICE! Versions 
-_ “INCLUDED! 


Emulates up to eight 4-Megabit 
EPROMS from one serial port. 
* Download 4Megabits +* Accepts Intel Hex, 


in 11.6 seconds! Motorola S-record 


» Standard accesstime 2 Binary files. 


of 100 nanoseconds * Basesystem starting 
(faster speeds are available) at S199. Other con- 
* Easily Expandable! figurations available. 


Order your ROM-IT Today! 


i incredible Technologies, Inc. 


Call (708) 870-7027 or FAX (708) 870-0120 
Visa, Mastercasd, and American Express Accepted 
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; T 
UniROM A Break-through in 


COST-EFFECTIVE DEBUGGING! 


UniROM provides target independent, hardware 
assisted, cost effective DEBUGGING support. 
In addition to ultra fast memory emulation, 
UniROM supports Real-time, unobtrusive 
watches, software breakpoints, hardware 
breakpoints and trace buffers with complex 
triggers. UniROM enhances your current 
debugger (or one of ours) with ICE-like ae 
at a fraction of the cost! ‘awe ae 


Call or FAX for details! y : 
TechTools 
(214) 272.9392 << 
“AX: (214) 494-5814 7 
CIRCLE NO. 242 
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UNIVERSAL PROGRAMMER 


AllMax+ (Parallel Port version) $745 
AllMax (Plug-in Card version) $645 


i ' AllMaxs 


dia 


¢ AMD MACH, ALTERA MAX, PAL, 
GAL, XILINX EPLD, PROM, EPROM, 
FLASH, MOTOROLA MCU, etc. 

¢ TESTS TTL/CMOS, DRAM, SRAM 

¢ 48-PIN GOLD-ZIF socket 

¢ Lifetime FREE S/W UPDATES 

e 2-Yr Warranty, Made in U.S.A. 

e FREE PLD COMPILER 


Electronic Engineering Tools 


WETTIE sn Weddell Dr., Suite 6 
WETTED sunnyvale, California 94089 
(408) 734-8184, 734-8185 FAX 
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TSOP adaptors 
TSOP to DIP for programming 


uw for gang or single socket programmers 
= for normal or reverse pin-outs 


TSOP to DIP for breadboarding 
= with solder tail or wire-wrap pins 


Programming adaptors are also available 
for PLCC, SOIC, SOJ, PGA, & QFPS 


EDI Corp. 
2611 Highland Drive, Las Vegas, NV 89109 
Tel: (702) 735-4997 Fax (702) 735-8339 


CIRCLENO.240.... 


PND W/NN 1G) =4B) 
/\ LINEAR 
DEVICES 


Precision CMOS 
‘Ratl-to-Rail" 
Op Amps 
_ Micropower ASIC Standard Cells 


at 2V, 3V, 5Vand 12V. 


ADVANCED 

LINEAR 

DEVICES 

415 TASMAN DR., SUNNYVALE, CA 94089 
TEL: 408/747-1155 = FAX: 408/747-1286 
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HIGH SPEECH QU 
LOW BIT RATES 


RJ-M1 
Low Bit Rate Speech 
Compression Module 


* For use with digital 
multiplexers, private 
networks, security 
telephones. 


* Full duplex speech at 6.4, 
7.2, 8.0 and 9.6 kbps. 


* Near toll quality voice at 
8.0 and 9.6 kbps. 


* Incorporates speech coder/decoder and echo canceller. 


* Features channel synchronization, forward error 
correction and in-band signalling. 


* Compact (47 X 70 mm) 44-pin DIP module that 
requires 5 V single power supply. 


An Evaluation Kit is available for demonstration purposes. 


For more information contact us now: Fax 972-3-498250 


International Headquarters 


12 Hanechoshet St. 


Tel-Aviv 69710 Israel (iits) 


Tel: 972-3-6458101 
____ CIRCLE NO. 238 


Low Cost 16-bit Controllers 


Program in Rorland/Microsoft C/C++ 
Reliable, Low Power, Compact, Complete. 
Horsepower meets your needs today and into future. 
ADC, DAC, 1/0, Timer, Flash, Upto 36Mb, Battery, 
Watchdog, UARTs, RTC, Keypad, LCD, RS$232/ 
485, Networking, Download, C Library, 
Development Kits. Custom Board Design. 

© 3.58x2.3", 

3 mA Standby 


¢ 1 MB, 24 I/0, 
3 UART, 
3 timers, 
RTC, Flash EE 


¢ 11 12-bit ADC, 
Watchdog, 
Battery, 
Networking 


C-Engine™ starts at $119 Qty 1, $49 OEM 
216 F St. #104, 
TERN Davis CA 95616 USA 
Tel: 916-758-0180 
INC. Fax:916-758-0181 
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UNLIMITED VOCABULARY 
SPEECH SYNTHESIZERS 

















= Converts plain ASCII text into speech (“talking printer”) 
= Requires only a single 5V supply and speaker 

= Unlimited vocabulary—no custom recording necessary 
= Programmable pitch, rate, tone, volume, etc. 

= Low power and small size—only 2.70 by 4.25 in. 

= Microprocessor, serial and printer interfaces 

= Use in telecom, robotics, monitoring systems, etc. 

= Less than $100 in OEM quantities 

= [SA, PC/104 and stand-alone versions available 


FREE V8600 DATA BOOK 
Ph: (206) 355-3800 Fax: 355-1098 


RC Systems, Inc = 1609 England Avenue = Everett, WA 98203 USA 


To advertise in | Product Mart, call Jc Joanne Doren 212-463-6415 | 
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A fully compatible, ROMable| 
DOS for embedded systems 


> Save up to 80% over MS-DOS*® 

> Compact - uses half as much 
ROM as MS-DOS 

> Free technical support 

> 90-Day money back guarantee 

> It even runs Windows™ and 

Networking software 


1-800-221-6630 


FREE Bootable Demo Disk! 


=r) —— 


307 N. OLYMPIC, SUITE 200° ARLINGTON, WA 98223 
(360) 435-8086 © FAX: (360) 435-0253 


ROM-DOS is a trademark of Datalight. »* MS-DOS and Windows are trademarks of Microsoft Corp 
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2 New Versions! 


















































Data I/O® quality and reliability 
at a price you can afford. 


programs a 
broad range of memory and microcon- 
troller devices for just $995*. 

programs more 
than 1900 logic and memory devices for 
only $1495*. 
: support PLCC, SOIC, 
QFP, and TSOP packages. 


eas (1-800-332-8246) 


price only, 
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486 Single Board 
Computers & 


3, YEAR 


WARRANTS SF THULE RS 


8 Slot 486SX-25 4MB 170MB HDD $1,495.00 

14 Slot 486DX-33 4MB 250MB HDD .. . .$1,995.00 

20 Slot 486DX2-66 4MB 540MB HDD . . .$2,495.00 
PLEASE CALL FOR CUSTOM CONFIGURATIONS. 


ORDER DESK 1-800-777-4875 


2) US LOGIC Made In U.S.A. 
\WY 5055 Viewridge Ave., San Diego, CA 92123 
(619) 467-1100 * FAX (619) 467-1011 


The Intel Inside Logo is a registered trademark of Intel Corporation. 
3 year warranty applies to Falcon-II Single Board Computer. 
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PILOT-U84 Universal Programmer 
#1 in New Device Support & Expandability 
If Data I/O cannot support you or your devices, 
please call us. We support the newest devices from 
Altera, AMD, Atmel, Cypress, Intel, Lattice, NEC, 
Microchip, Motorola, NEC, Philips, WSI, Xilinx, etc. 


All packages types: PLCC, PGA, QFP, TQFP, TSOP, SOIC, etc. 


800-627-2456, 408-243-7000, FAX: (408) 736-2503 
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Plug in HERE => 


to Maximize the 
Value of Your Oscilloscope! 


EXT. TRIGGER 


Oscilloscope 
Triggering Devices (7; 


= Complex triggering 

for digital circuits 
= Easy to use 
« Simplifies circuit debugging 
= Works with any oscilloscope 
= Models start at only $125 


PROGRAMMABLE 
DESIGNS 
INC. foo} 


41 Enterprise Drive # Ann Arbor, MI 48103 
Phone: (313) 769-7540 ™ Fax: (313) 769-7242 
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9 Vp Creates 3D sound field using 
a standard 2 speaker system 


@ Patented Sound Retrieval System technology 

@ 3D stereo enhancement for stereo source (SRS) 
@ 3D monoral to stereo conversion (3D MONO) 

@ DC 8 to 13 volt supply @ 28 pin SOP packaging 


Application 

@ Computer multimedia sound card systems 

@ Computer & TV game machines and systems 
@ Home & car audio stereo systems 

@ TV & video systems 

@ PAsystems j 


¢ Kprerter Ce y 


SRS (@D" isa registered trademark of SRS Labs. 
SEPONIX Corp. SRS Authorized Sales Office & IC Design 


2151 O'Toole Ave. Suite L, San Jose, CA 95131 USA 
TEL:408-922-0133/800-237-4590 FAX:408-922-0137 
3C Michinoku Bldg. 4-9 Kandasakuma-cho, Chiyoda-ku, 
Tokyo 101 Japan TEL/FAX:03-3851-7377 
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Thin Lithium 
Batteries 


e Thin rectangular format 

e Customized capacity 

e Solder or pressure contacts 
e Available in 3 and 6 volt 


filtres thin, athe hgh, high acergy ition teationies 


POWERDEA,A. family of products: 


e Standard: A, B, C sizes 

e Ultrathin: less than 1 mm 

e Customized: capacity and/or size 

e Rechargeable: call for information 
Gould Electronics Inc.; Electronic Power Sources 


35129 Curtis Blvd. Eastlake, Ohio 44095-4001, USA 
Phone: (216) 953-5059 Fax: (216) 953-5152 
Toll Free: 1-800-722-7890 (U.S. & Canada) 


=" GOULD 


Electronics 
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Stand Alone 
or RS 232 Host 
Device Programmer 


SOCKET ADAPTERS 
NOT INCLUDED 


¢ DOS/Windows 3.0 / 3.1 


¢ Stand Alone or RS 232 
*Gang 8 EPROM Option ¢ Waferscale PSD 
e EE/EPROM to 16 Meg. * Microchip PIC 


¢ DIP, PLCC, QFP,and «Motorola Micros 
other socket technologies ¢ All Xilinx Devices Supported 
¢ PLDs and FPGAs ¢ Free Software Updates 


800 315-7766 °° Compact & Portable 
303 279-6868 LOGICAL 


EAST COAST REGION: 
800 331-7766 DEVICES, INC. 


___CIRCLE NO. 250 


_ Smaller than a credit 
_ C-programmable! Ask for our 
free Dynamic C™ demo disk. 
Call our AutoFAX 916-753-0618 
from your FAX. Request 

catalog #18. 


1724 Picasso Ave. 


)\ davis, CA 95616 
916.757.3737 
916.753.5141 FAX 


CIRCLE NO. 253 . 
_ EDN MAY 11,1995 § 209 — 





knmediate Product availability 
Same fay Shipment 
Unparateied Technical Assistance 
Sutstarmdag Customer Service 


Cataiog Me. 315 
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stint @ DISKLESS 


THINK Bho 


MCSI pioneered the PC compatible solid 
state disk emulator with our easy to use 
PROMDISK products. Now Create a 
DISKLESS PC with PROMDISK! 


@ Emulate up to 3 floppy 
and hard drives 


@ 32M-byte Capacity 
@ PROMDISK IV has 


Battery for SRAM 
@ Flash EPROM 
programmer 


@ Integrated DATALIGHT 
Flash File System 





Also Available 
@ 3 to 20 Slot Backplanes and Embedded Chassis 
@ Full Range of ISA & PCXI CPUs up to 100MEz 
@ Full Line of I/O and Data Acquisition Boards 


SS 








- CPU emulator board brings LTS to 486 PC platform 

- Test programs written in industry-standard C language 
- LTS-Basic-to-C conversion program included 

- Full LTS Basic instruction set has been ported to C 

- 100% compatible with all existing test hardware 

- Industry-proven: over 30 systems in use world-wide! 


Fax: (408) 253-2533 
calyx @ix.netcom.com 


599 N. Mathilda Ave., Suite 34, Sunnyvale, CA 94086 





Ph: (408) 253-1353 | 
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2 BOPS 


4 Million Transistors 


Orchestrate The 
Power Of The C80! 


Perfect for real-time video, 
telecommunications, and 
image/signal processing, 
the Master MVP 
Development Board offers 
the following features: 
* Up to 24 Mbytes of zero wait-state SRAM 
* Up to Four 330 Mbit/sec serial links 
* Video controller with 4 Mbytes of VRAM 
Two, 64-bit daughter card connectors for custom 
hardware 

The Wintress Master MVP Development Board 

accelerates your product’s time-to-market by reducing 
hardware and software development time. 


6342 Ferris Square 
San Diego, CA 92121 


WINTRESS (619) 550-7300 
ENGINEERING (800) 550-7308 


CORPORATION ¢.mail :weco@weco.com 
URL:http://www.dspnet.com 


































- 200 MSa/s Sampling Rate 

- up to 128K Samples/Channel 

- PC-BASED INSTRUMENT 

- 2 Analog Channels (2 ch. Oscilloscope) 

- 8 Digital Channels (8 ch. Logic Analyzer) 
- All 10 channels can be used at same time 
- Simultaneous use of all 10 channels 

- Cross Triggering of Digital and Analog 

- 125 MHz Single Shot Bandwidth 

























| | $1799 DSO-28200 (200MSa/s, 4K/Ch) 
$2285 DSO-28264 (200MSa/s, 128K/Ch) 


400 MHz 
Logic Analyzer 





the intuitive |: © Reliability Prediction 


ar. solution 






¢ MIL-HDBK-217 
New! ¢ Bellcore 
em ¢ Parts Count 
v5.2 for ¢ Mechanical 
Windows ° CNET 
: © FMEA, FY¥ECA 









& Mac - up to 128 Channels 


- up to 400 MHz 
- up to 16K Samples/Channel 
- Variable Threshold 

- 8 External Clocks 

- 16 Level Triggering 

- Pattern Generator (Option) 


- © Maintainability 












Use the Relex Reliability Software to evaluate and 
pinpoint areas for potential reliability improvement. 
Quickly calculate your system MTBF using the powerful CAD 
interface, impressive graphics, and unmatched friendliness. 
And choose from Windows, Mac, and DOS versions! 


Call 412-836-8800 Today For More Information! 


Innovative Software Designs, Inc. 


One Country Drive, Suite |000 412-836-8800 
Greensburg, PA 15601 USA FAX 412-836-8844 
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| $1299 - LA32200 (200 MHz, 32 Ch) Pods & Software 
| $1899 - LA32400 (400 MHz, 32 Ch) included 
Also Available: 
$799 - LA12100 (100 MHz, 24 Ch, TTL only) 




























Misuheania Switch 


Components Universal 


Programmer 





PAL - GAL - MICRO 
EPROM - EEPROM - FLASH 






The adhesive that holds together the layers 
of your membrane switch can ultimately 
spell the success or failure of the products 
you design. That’s why you should specify 
the adhesive components for your switch. 
Right now, 3M is offering a free information 
packet on membrane switch assembly systems. 
Call 1-800-455-4363, ext. 9501, or write 3M 
Identification and Converter Systems 
Division, 10701 Hampshire Avenue South, 
Minneapolis, MN 55438. 
















Call for full device support list 





Free software updates on BBS 


Call (201) 808-8990 


SM Reliability Mag Link Instruments 
4 369 Passaic Ave, #100, Fairfield, NJ 07004 fax: 808-8786 
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Low cost yet powerful! 
280/180 Complete Solution. 


i eae 


ICE-Cube.. 


B In-Circuit Emulator™ ce 


| 20MHzICE-Cube $1799! 


20Mhz 0 wait state emulation + 115k baud serial 
downloads = 10.5k/sec * 128k to 1MB write-pro- 
tectable emulation RAM « | MB execute, mem r/w 
breakpoints * 1 MB address monitor. * Features: 
High-powered Turbo-de-bug-like source-level de- 
bugger « Debug C and assembly code * Watch/in- 
spect/modify any C variable including structs * Z80 
hardware & Z180 MMU banked program support ° 
Do it right and spend less - Fix your bugs fast: 


Low cost ANSI cross C compilers, macro as- 
semblers and RTOS packages for the 
8085, Z80, Z180, Z280, and TLCS-90. 


800-520-5201 Sales 
410-964-9905 FAX 
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Find out how you 
can break through 
the clutter to get big 
results for a small 
price, by placing a 
4-color ad in 
EDN Product Mart. 
Call Joanne Dorian 
at (212) 463-6415 
for details. 


MICROPROCESSOR 


EMULATORS 


Zax provides a comprehensive 
series of real-time emulation sup- 
port for Motorola, Intel, NEC, Zilog, 
and Hitachi microprocessors. Some 
of the highlighted features include 
source-level debug, real-time trace, 
and performance analysis. 


Call now for more information: 


(800) 421-0982 
(714) 474-1170 (Inside CA) 
(714) 474-0159 (Fax) 


ZAXTEK 


42 Corporate Park Irvine, CA 92714 
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PLCC LoClip — PLCC Probe 


Probe in Place 


¢ Probe surface mounted PLCC chips 
* Lowest profile Clip (.45" - .75") 
¢ Instrument VME bds. etc with no extender 
* PLCC sizes from 20-84 pins 
¢ Annotations available 
* Mechanically and electrically reliable connection 
¢ Ask about custom solutions 
IRONWOOD ELECTRONICS 


P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 
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@ 1.5" x 1.5" Smaller 
Than A Credit Card. 


® Color & B/W Models. 

© 420 Lines Resolutions. 

® Choice of Optics. 

© OV Battery Operation. 

® Many Models to Choose 
From. 

* Monitor in Complete 
Darkness with Optional 
IRLEDs. 

© Can be plugged into 
any VCR or Monitor. 





















MB-750-P Pinhole Lens 


$169.” 





DC-750-CX"C" Mount 


$269.” 


w/o Lens 


Order Desk: 


1-800-752-3571 


P:daris Industries 
141 West Wieuca Road + 300-B « Atlanta GA 30342-3219 
Tech Info: 404-252-3340 + FAX: 404-252-8929 
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iceMASTER-PE 
In-Circuit Emulators 
from $851 


New AET (patented) emulator 
architecture delivers incredible value! 


11, Metaink 


Melts 
® Up to 42 MHz Operati 
le 


w 128K Hardware Breakpoints 
é 0 ? ] ® Optional 16K Transparent Trace 


(View Trace While Executing) 
# Real Time & Nonintrusive 
» Symbolic & Source-Level Debug 
Windowed User Interface 
® Serial Link to Any PC 
» 8031 /8032/8X51/8X52 
# 8XC51FX/87L51FB 
® 8X(751/752 
» DS80(320 


Call today for 
FREE DEMO DISK! 


MetaLink Corporation =| 


Phone: (602) 926-0797 FAX: (602) 926-1198 
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WNGRO-STE 620 DED CAMERAS] 


PLDs, 
CPLDs, 
FPGAs... 


for the best in 


Programmable Logic Design 
Synthesis Software 
to suit any budget, call: 


MINC 


INCORPORATED 


800 755 3742 


Tel: 719 590 1155 ¢ Fax: 719 590 7330 ¢ E-Mail: salesinfo@minc.com 
CIRCLENO.263 ists 


Motorola DSP Emulators 
Modern tools for the DSP56002, 
DSP56004, DSP56001, DSP56156. 





gene a sc24 sie — 


Development systems for the Motorola™ DSPs. The 
debugger is symbolic, graphical, and highly visual. 
The user interface has 14 independent windows. 
DSP programs written in C or assembly can be de- 
bugged at the source level. SPOX™ operating sys- 
tem support. On-screen editing. Hardware and 
software breakpoints. The emulator uses OnCE port 
as the emulation path to the chip. Fully compliant 
with Motorola’s tools. Rugged design. 


1700 Alma Dr., Suite 245 © Plano, TX 75075 92 \jm 
Tel: (214) 985-7593 © Fax: (214) 985-8579 1 : 
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Suntace Mount SO}J 
| Sockets 





Top View TES 0 
ae mS -050" (1.27mm) Typ. 


Surface Mount Socket for J-Leaded 
devices. 


Designed to surface mount to 
existing PC Board layout. 


Constructed using high tempera- 
ture thermoplastic to withstand 
infrared reflow temperatures. 
Call Customer Service Today! 
(401) 823-5200 
YN ADVANCED INTERCONNECTIONS’ 


5 Energy Way, P.O. Box 1019, W. Warwick, RI 02893 USA 
s Tel. (401) 823-5200 Fax. (401) 823-8723 
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COLORADO SCHOOL OF MINES 
DEPARTMENT OF ENGINEERING 


ENGINEER 


The CSM Department of Engineering is seeking an 
individual to provide research engineer support with 
a strong background in the design and implement: 
tion of experimental instrumentation and automat 
ic control. A major portion of this position requires 
original design and construction of instrumentation 
hardware and software associated with graduate 
research in mechanical, electromechanical, civil and 
electronic systems. The successful candidate must be 
able to interact with graduate students and faculty 
to determine the functional specifications of such 
devices and help oversee the research laboratory 
work of graduate students. The person will be 
expected to design, develop, and implement a grad- 
uate level laboratory course in instrumentation and 
measurement. 


The successful candidate is expected to have at least 
5 years of experience in the design and construction 
of electronic circuits, software development for online 
data acquisition, and both low and high level pro- 
gramming skills for establishing communication 
between computers and instrumentation. A minimum 
of a B.S. degree in mechanical or electrical engineer- 
ing is required. A competitive salary and benefit pack- 
age will be offered the successful candidate. 


The deadline for application is May 31, 1995. Send 
letter of application and resume to: Colorado School 
of Mines, Research Engineer Search #95-011510, 
1500 Illinois Street, Golden, CO 80401. 


CSM is an AA/EEO employer. Women and minorities 
are encouraged to apply. 



















INVENTORS: Should you Patent 


your invention? What about Trademarks? 
Copyrights? Former Patent Examiner and 
Registered Patent Attorney can provide 
you with the information you need at 
reasonable rates. Call (703) 683-8822, fax 
(703) 683-8823, or write to: 
Robert Platt Bell, P.C. 
P.O. Box 19668 
Alexandria, VA 22320 


** No Charge for Initial Consultation ** 


ELECTRICAL ENGINEER 
Design and develop Boundary Scan technolo- 
gy for ASIC and ATE circuit cards design. Gen- 
erate test requirements and design TPSs. 
Design digital and analog circuits using FPGA. 
Prepare and present technical seminars and 
manage technical teams. Prepare contract pro- 
posals. Travel approximately one week month- 
ly to test sites as required by contracts. 40 
hr/wk. $35,000 to $45,000 per year depending 
on qualifications. Requires M.S. in Electrical 
Engineering or completion of all M.S. course- 
work; 1 year experience in job offered or 1 year 
in position involving electrical engineering 
research, design or instruction. Requires 
knowledge of or experience with Boundary 
Scan technology, PLD/FPGA and ASIC design 
as demonstrated by one or more courses or 
thesis research. Requires excellent communi- 
cations skills as demonstrated by teaching or 
seminar presentation experience. To apply con- 
tact Texas Employment Commission, San 
Antonio, Texas, or send resume to Texas 
Employment Commission, 1117 Trinity, Room 
424T, Austin, Texas 78701, J.0. # 1X6944641. 
AD Paid For By Equal Employment Opportunity Employer. 
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| EDN CAREER OPPORTUNITIES 


SOFTWARE DESIGN TEST ENGINEER: Develop test algorithms for HP4062 system in HP 


































HARDWARE & SOFTWARE ! 
Our clients are hiring engineers with any of the Basic and C to formulate and provide Parametric Test Programs. Test semiconductor chips 
following skills: and perform Test Structure Bench Measurement for program debugging. Design new testing 


Wireless Telecomm, RF, Cellular, PCS, ATM, AIN, 
SS7, ISDN, 900 MHZ Transmit/Receive, 
Analog/Digital Hardware, DSP, Embedded 
Firmware, ‘C’, Visual C++, SDK, MFC, OWL, DLL, 
NLM, VxD, ODBC, MAPI, TCP/IP, Client Server, 
Netware, NetBIOS, PLC, Controls, Instrumentation, 
Pro Engineer CAD, Electronic Packaging. 
Never a fee to applicants. Positions available 
nationwide. Send email, fax, or call Randy Brei 
t 0 d a y | 
Brei & Associates, Inc. 
P.O. Box 445, Marion, 1A 52302-0445 
319) 377-9196 * Fax (319) 377-9219 


structures applying knowledge in IC Fabrication, Semiconductor Device Fabrication and Solid 
State Device Physics. Maintenance of the HP Parametric Test Equipment and HP 9000/382 
computer system, including computer network, data collection and SAS Database manipu- 
lation. Track device parameters by statistical analysis of the parametric data. Confer with other 
engineering staff to evaluate product/process integration and product/process improvement. 
Requires Master’s degree in Electrical Engineering or Electronics Engineering, plus 2 years 
experience as Engineer or Scientific Assistant with experience in Testing of Integrated Cir- 
cuits and Device Fabrication. $42,000/year. 40 hrs/wk. Apply at Texas Employment Com- 
mission, Houston, Texas, or send resume to 1117 Trinity, Room 424T, Austin, Texas 78701, 

0 
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Without Tears 


Learn DSP and put your knowledge to work 
IMMEDIATELY! 


To receive an informative brochure on this popular seminar, call 


Z Domain Technologies, Inc. at 1-800-967-5034 
or 404-587-4812. Hours: 9-5 EST. 

Also, a 2-day ADVANCED class in DSP is available ona 
limited basis -- call for more details. 


By taking this 3-Day Course, you will really 
learn DSP. Guaranteed! 


Coming to a City Near You: 
Washington DC - Dallas TX - Atlanta GA - San Jose CA 









CALL TODAY FOR MORE INFORMATION ON 
PLACING YOUR ADVERTISEMENT IN 
EDN’S CAREER OPPORTUNITIES SECTION 


CONTACT: 
TRISH KENNEFICK, RECRUITMENT ADVERTISING MANAGER 


1-800-603-4859 TEL 1-617-630-3925 FAX 





























ELECTRIC VEHICLE 
MOTOR CONTROL 


CURTIS/PMC, a division of Curtis Instruments, in business for over 30 
years, is a world leader in the design and manufacture of speed con- 
trollers for electric vehicles. 


TEST ENGINEERING MANAGER 


Develop engineering qualification and production test strategies, specify 
equipment, schedule projects and ensure maintenance and update of exist- 
ing equipment. Requires 8+ years’ hands-on design or test experience in a 
product development environment, BSEE, expertise with computerized test 


equipment, analog and digital electronics and project management. 
Software and microcontroller systems experience helpful. 


PROJECT ENGINEER 


BS or MS in Electrical Engineering, five years of project leadership plus 
analog circuit design and microcontroller experience in a product 

gC auent environment. Experience in switch mode power electron- 
ics and motor control for material handling vehicles highly desirable. 


SOFTWARE ENGINEERS (2) 


Mid-level design positions developing real-time embedded software and 
digital electronics for microcontroller based products. Requires BS plus 
4 years applicable design experience in a product development envi- 
ronment. Assembly and C. 





System Solutions For 







The Digital Superhighway 






At Philips, we are already on the inside track of the digital superhighway. 

As a global technological pioneer in the digital arena, we have the. 
capacity to deliver complete end-to-end digital compression systems - 
across a broad spectrum of industries — and to deliver fast-track career. 
opportunities to you. Currently, we are seeking candidates who ai 
interested in constructing the digital interactive network system w 
playing an integral role in making the promised new age a reality. 


DIGITAL COMM 


Requires, at minimum 
an emphasis on digita 
have 5 years work experi 
QAM hardware implementation. Exposure to 
budget management is desired. : 






































We offer a competitive compensation package including employer paid 
medical, dental, disability and life insurance, tuition assistance, profit 
sharing and 401(K) retirement plan. To apply, send or fax your resume 
+ aecleg: relevant technical background , in confidence, to: Human 
esources Department, CURTIS/PMC, 6591 Sierra Lane, Dublin, CA 
94568. (FAX) 510-833-8777. Equal opportunity employer m/f/d/v. 


CURTIS (0105 


A DIVISION OF CURTIS INSTRUMENTS, INC. 


Technology. 


BOSE Technology. 


Experience The Commitment 
That Redefines The Word. 


implementations. Must have a 
on digital signal processing and 


and audio processing and 










Here’s your opportunity to 


and world-clas 
comprehensive ber 
the future, forwa 








Philips...leadin the 


An Affirmative Action/Equ portunity Employer, M/F/D 






Reach over 63,000 
engineering professionals, in 
EDN Career Opportunities 


Get the attention of 100% 
qualified engineers and 
managers involved in 
designing or developing 
electronic products, who 
look to EDN Magazines 
Classified section for 
career opportunities. 





If you can imagine ' ' ' 
Ph aks Electrical Engineering 


next century, imagine Manager 
yourself working at ; ; 
Bose. Within our Product Design Engineers 
sophisticated research ~ 


environment, you'll Senior Electrical 
experience the Engineers 


inventiveness, 
commitment, and : 
support that makes ACOUSTIC Research 
this a one-of-a-kind Engineers 
organization. At Bose, i 
you'll have the Senior Software/ 
freedon’ to set ne” Microcontroller Engineer 
company that's Interested candidates, please forward 
redefined performance resume to: Bose Corporation, 
and revolutionized an The Mountain, MS15B, Framingham, 
industry. But don't MA 01701. Fax: 508-820-4865. 
wait to contact us, 
because this is not just 


any opportunity - it's @ 
«Bose opportunity. APA Sy iF ~ 


Better sound through research. 


Electrical Engineer: DC/DC converters. Design & 
adapt ICs for various company products. Reg M.S.E.E., 
at least 6 months of exp. in IC layout design & 
manufacturing in cleanroom (inside or outside graduate 
pica) & skills/abilities in OrCad software, PSPICE, 





C & FORTRAN programming, DC-DC power supply, 
Mentor graphics for IC design (1992 version 8), MAGIC, 
analog circuit design, & 

communication. 9:00 a.m. - 5:00 p.m. 
$35,410/yr. 2 resumes to P.O. Box 8968, Case # 50407, 









‘MOWEET ERR ORENINGS 
A ek 


ELECTRONICS ENGINEERS 
COMMERCIAL PRODUCT DESIGN 
BS/MS 3+ Years experience in any of the following: 

¢ RF/Radio circuit design 

¢ Electro-hydraulic controls 

¢ Embedded microprocessor systems 

¢ Avoinics — software, ‘C’, C++, displays, 





Only EDN can guarantee 
youre reaching the key 
design engineers in the 
Electronic Original Equipment 
Manufacturer market. 








flight control 






For more information 
contact: 


TRISH KENNEFICK 
Tel: 1-800-603-4859 
Fax: 1-617-630-3925 


Multiple openings with top commercial companies 
in the Upper-Midwest. Contact: 
DON GALLAGHER MSEE, President 
Gallagher & Associates 
1145 Linn Ridge Rd., Mount Vernon, IA 52314 
(319) 895-8042 © Fax (319) 895-6455 





An Equal Opportunity Employer. 
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Good wine comes only from good grapes 


Top-quality telecom systems use only first-rate relays 


NEC's surface-mount signal relays are the first choice _ national certifications of quality: ISO9001 and 9002. 

of the world’s foremost telecommunications com- The certification assures quality from design and 

panies. In fact, our EE2 and development straight through 

EB2 miniature signal relays to production. 

are the only surface-mount Outstanding system per- 

types approved by the formance begins with excel- 

leading producers of tele- lence in components. 

com systems. me)@uanie) com lance) anatena(e) gure) elelent 
Experts insist On our Our E-Series miniature signal 

surface-mount relays be- relays, call NEC today. 

Cause they withstand the intense heat generated by Type Dimensions (WxDxH) Contactform Contact rating 








diverse soldering techniques. Our FE2 and EB2 felayS . €¢o i6x75x¢bmm = BW OV A 
also feature the compact design, high performance ~BE2  15x7.5x11.5mm_ 20 425A, 250V AC, 2A 
and exceptional reliability that industry leaders EA2 142x9.2x5.4mm ve 30W, 220V DC, 1A 
demand. NEC's relay division has earned the inter- EB2 14.3x9.3x7.5mm 62.5VA, 250V AC, 1A 


The right components to build your reputation. 





For fast answers, Call us at: uSA tel:1-800-366-9782. Fax:1-800-729-9288. Germany Tel:0211-650302. Fax:0211-6503490. 

The Netherlands Jel:040-445-845. Fax:040-444-580. Sweden [el:08-753-6020. Fax:08-755-3506. France Tel:1-3067-5800. Fax:1-3946-3663. 
Spain Tel:1-504-2787. Fax:1-504-2860. Italy Tel:02-6709108. Fax:02-66981329. UK Tel:0908-691133. Fax:0908-670290. Ireland Tel:01-6794200. 
Fax:01-6794081. Hong Kong Tel:886-9318. Fax:886-9022. Taiwan Tel:02-719-2377. Fax:02-719-5951. Korea Tel:02-551-0450. Fax:02-551-0451. 
Singapore Je!:253-8311. Fax:250-3583. Australia Tel:03-8878012. Fax:03-8878014. Japan Tel:03-3798-6148. Fax:03-3798-6149. 
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FUZZY-LOGIC 
CONTRIBUTING EDITOR 
brubaker@cup.portal.com 


Fuzzy logic: 


an enabling technology 


Many of the attacks leveled against fuzzy 
logic seem to support the time-honored 
axiom that ignorance is the firmest basis 
from which to criticize. Some, however, are 
well-considered. One observation in partic- 
ular—I have read it in various places—is 
worth looking into. Simply stated, it is: 
Successful applications of fuzzy logic are suc- 
cessful because of factors other than the use of 
fuzzy logic. 

Although the following response is sub- 
jective, I hope my observations are honest. I 
base them on the approximately 20 fuzzy 
design projects with which I have been 
directly involved, ranging from simple con- 
trol systems to rather complex analysis mod- 
els. In each case, the goal was not to solve 
the problem using fuzzy logic, but rather to 
solve the problem successfully and in a cost- 
effective manner. In each case, the solution 
included fuzzy logic. 


What does fuzzy provide? 

Two widely claimed benefits of fuzzy sys- 
tems are system representation in intuitive 
terms, and ease of devel- 
opment and modification. 
Two less-often-stated ben- | 
efits are flexibility in input 
selection and controlled 
input quantization. I have 
addressed the first two in 
previous columns; the 
other two require some 
discussion. 

Flexibility in input selec- 
tion: For a given system ! 
design, the solution 
model often defines what inputs we will use. 
For example, in physical control systems, we 
work with proportional error, its integral, its 
derivative, and, sometimes, its second deriv- 
ative. The characteristics of these inputs, 
their behavior in the presence of various 
types of noise, and how they interact with 
each other are all well-understood. If a sys- 
tem parameter or characteristic is not part of 
the model, we would not normally consider 


As powerful as 
rule-based repre- 
sentation is, the 


use of fuzzy logic 
strengthens it ina 
number of ways. 





its possible use, and we would not know how 
to use it. 

Working with a rule-based system makes 
choice of inputs an open issue. Inputs com- 
bine logically in rule conditions. Adding an 
input means adding it to the conditions of 
existing rules and creating additional rules. 
The choice of system parameters to use as 
inputs is no longer a part of the model being 
implemented, but rather a critical part of the 
design process. 

Controlled quantization: In a rule-based 
system, the input space is the universe of all 
possible input combinations. Part of the 
design process is to identify those regions 
within the overall input space that will be 
active and to create rules for them. If the 
entire input space is valid, that is, if any com- 
bination of inputs is possible during system 
operation, rules must cover the entire input 
space. 

The system designer divides the active 
input space into regions. A single rule gov- 
erns each region. The designer typically 
defines each region by identifying sections 
of individual inputs and 
logically combining 
them. The size of each 
region in the overall input 
space is what I call its 
“quantization.” The 
phrase “controlled quanti- 
zation” refers to the abili- 
ty to define each region 
size independent of the 
size of other regions. Its 
meaning also includes the 
ability to tighten or loosen 
quantization (to decrease or increase region 
size) easily with minimum impact to the rest 
of the system. 

These four capabilities—system represen- 
tation in intuitive terms, ease of develop- 
ment and modification, flexibility in input 
selection, and controlled input quantiza- 
tion—exist not because a system is fuzzy, but 
rather because rules represent its system 
operation. The operational model developed 
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in this manner generates a response 
function: an output defined for collec- 
tions of inputs. You can do this using 
if..then...cules and by other semantic 
techniques as well. 

This conclusion is worth repeating: 
The four capabilities listed exist not 
because a system is fuzzy, but rather 
because it is rule-based. Concerning 
these four traits, the observation that 
opened this column is correct—sort of. 


The importance of fuzziness 

As powerful as rule-based representa- 
tion is, the use of fuzzy logic strength- 
ens it in a number of ways. 

Output interpolation: A problem asso- 
ciated with crisp, rule-based systems 
relates to the dividing of the input 
space by rule conditions. As chang- 
ing inputs drive the system from 
one input region to another, the 
output undergoes a discontinuous 
transition. This situation occurs as 
the rule associated with the first 
region stops firing and the rule 
associated with the second region starts 
firing. 

Decreasing the size of the input 
regions reduces the size and impact of 
these discontinuous steps; the number 
of rules increases as well. Alternatively, 
if system performance allows, filtering 
the output removes the higher fre- 
quency step components. 

A fuzzy handling of the rule base 
eliminates these output discontinuities 
by interpolating between adjacent 
commanded outputs. Smooth transi- 
tions between output levels is accom- 
plished by overlapping input regions, 
defining these regions with fuzzy mem- 
bership functions, allowing multiple 
rules to simultaneously fire when 
inputs are in these overlapping regions, 
and combining the multiple actions 
into a single output. This is done with- 
out increasing the number of rules. In 
fact, through judicious use of input- 
function overlap, the number of rules, 
when compared with a crisp imple- 
mentation, can actually be reduced. 

Robustness: A second problem associ- 
ated with a crisp rule base is its brittle- 
ness. The transition of inputs from a 
region governed by a rule to a region for 
which there is no rule, thereby causing 
system failure, is abrupt; there is no 
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warning. The same transition in a fuzzy 
system is gradual, allowing for a grace- 
ful transition from being fully opera- 
tional to being nonoperational. In feed- 
back systems, this transition is 
especially valuable, allowing for opera- 
tion to be controlled back into a con- 
trolled region. 

Linguistic variables: Linguistic vari- 
ables, implemented with fuzzy mem- 
bership functions, are at the heart of 
Zadeh’s original view of fuzzy complex 
systems models. Although formulated 
to allow modeling of extremely com- 
plex systems, linguistic variables have 
been the basis for designing simple and 
moderately complex fuzzy systems. In 
such systems, the use of linguistic vari- 





ables is starting to give way to automat- 
ically generated variables—for exam- 
ple, using neural nets or genetic 
algorithms. However, in sparsely popu- 
lated, nonoptimized, extremely com- 
plex systems, where human expertise 
remains a necessary part of the design 
process, linguistic variables will contin- 
ue to be of great value. 

Fuzzy logic allows not only for sys- 
tem operation to be expressed in fuzzy- 
based linguistic variables, but also for 
the handling of imprecise and uncer- 
tain inputs and intermediate values in 
a straightforward manner. Other, non- 
fuzzy techniques for dealing with 
imprecision exist, but treating such 
inputs as being fuzzy is easily and effec- 
tively handled. 

These four traits—output interpola- 
tion, robustness, effective linguistic 
variables, and straightforward handling 
of uncertain or imprecise input—add 
significant power to a rule-based archi- 
tecture. All are a result of using fuzzy 
logic. 

In addition, the four traits are easily 
observable. There are others, but they 
are less tangible. By strengthening rule- 
based representations, fuzzy logic has 
allowed designers to break from pre- 
vious system-modeling techniques into 


models that are intuitively based. 

The key phrase is to “break from pre- 
vious system-modeling techniques.” 
Because using fuzzy logic for system 
design is new, the number of design 
procedures is small, and there are few 
cookbook approaches. The fuzzy-sys- 
tem designer must think through the 
best way of doing things rather than 
adapting how someone else did some- 
thing similar—a situation that can only 
enhance the opportunity for powerful 
results. 

One example, mentioned previously, 
is that the designer is free to look at 
nontraditional system inputs, incorpo- 
rating them into rule conditions. Crit- 
ics have said that Japanese consumer 
goods, touted as being superior 
because they are fuzzy, are actual- 
ly superior because they use addi- 
tional sensors. In general, the use 
of a fuzzy rule base greatly facili- 
tates adding more sensors and tak- 
ing advantage of the information 
they provide. Both claims—that a 
fuzzy system with additional sensors is 
more powerful only because of the 
fuzzy logic and that it is more powerful 
only because of the additional sen- 
sors—are incorrect. The power comes 
from a fuzzy rule base’s ability to effec- 
tively use the additional sensors. 

So on the surface, I agree with the 
opening observation: Fuzzy logic tends 
not to be the driving force in fuzzy- 
logic systems. However, we can’t stop 
there. Well-designed fuzzy-logic sys- 
tems work and work well. I see fuzzy 
logic not as a driving force, but as an 
enabling force, increasing capability 
across many facets of existing tech- 
niques. Its strength is subtle, yet pow- 
erful. 
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David Brubaker is a consultant in fuzzy- 
system design. You can reach him at 
Huntington Advanced Technology, 883 
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brubaker@cup.portal.com. 
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